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Palaeolithic studies have since their beginnings focused on reconstructing the environments occupied by Pleistocene hominids. This tendency can be traced back to the last century, when researchers addressed questions concerning the antiquity of humankind on the basis of the geological and palaeontological context of human fossils and artefacts. Apart from this, the importance of the environment in studies of Pleistocene huntergatherers doubtless lies in the fact that both recent and Pleistocene hunter-gatherers have been seen as "very close to nature." This perspective has led many researchers to view hunter-gatherers in terms of humanland relationships rather than in terms of their social lives (cf. Bender 1985 , Conkey 1987 . In recent years archaeologists, focusing on regional studies in terms of past environments, have paid special attention to the settlement history of the colder parts of Europe, discussing the adaptation of a tropical hominid to northern conditions. Some of the obstacles that needed to be overcome were the long winters with no plant growth and the consequent greater dependence on animal resources, the cold, and, from a longer-term perspective, the periodic shifts in climate and environment. Several explanations have been presented for the adaptation to northern regions, mostly stressing several kinds of technological innovations (e.g., Bordes and Thibault 1977, Bosinski 1982) or pointing to physiological adaptations (Trinkaus The ecology of hominid colonization has increasingly been used to monitor the character of past cultural adaptations. In this approach, the adaptation of recent and Upper Palaeolithic hunter-gatherers to a wide range of environments is implicitly used as a measuring device in assessing earlier adaptations (see Binford 1989) . For example, Gamble (19860) has argued for differences in the scale of social organization between fully modern humans and earlier hominids, as registered by the Pleistocene settlement history of Northern Europe. In his view, pre-modern humans could not live in the northern climates that fully modem humans mastered in the Upper Palaeolithic; these "high-risk environments" could 551 be inhabited only by societies possessing extensive alliance networks which minimized risk by permitting the free movement of information and people. In his approach the main obstacle to long-term occupation of a specific habitat is not so much a lack of technology as the absence of appropriate social structures. Without these social structures pre-modem humans were incapable of coping with extreme environmental conditionsnot only colder climates but also fully interglacial environments. In Gamble's view interglacial environments were successfully exploited for the first time in the Holocene, and some workers suggest that not even modern hunter-gatherers are well suited to a heavily forested environment (Bradley et al. 1989 !. Although the Pleistocene interglacial forests had abundant plant and animal resources, Gamble 11987:86; cf. Kelley 1983! sees the dispersed nature of many of the animal species and the small sizes in which plant foods came as contributing to exploitation costs:
Intercepting animals required complex planning based on accurate and detailed information, whereas the large species that existed-hippopotamus, rhino, and elephant-all had low reproduction rates so that sustained hunting was ruled out. Many of the plant foods were costly as measured by the time taken to prepare them for consumption. The combined schedule to use both plant and animal resources would have resulted in many intricate and minutely planned decisions that had to balance limited time and labor budgets. Gamble compares the apparent absence of Pleistocene interglacial occupation with the Holocene settlement of northwestern Europe. During the Holocene the region was "covered in a carpet of mesolithic sites." These sites date to the earlier, more open phases of the Holocene interglacial as well as to the period of full forest conditions. According to Gamble the fact that more or less comparable environments carried very different archaeological signatures indicates that earlier human populations were unable to find social solutions to the problem of capturing usable energy from the interglacial forests: "It is inescapable that the settlement histories of the regional model are measuring between these two periods a process of social change that led to intensification, one outcome of which was to tap for the first time the vast potential of these resources" (Gamble 19860:370 ; see also I986b|. Prior to the advent of fully modern humans Gamble sees occupation only in his stage 2 environments, the long periods between fully interglacial (his stage i| and glacial maximum (his stage 3) conditions. The duration of these "intermediate" climates accounted for approximately 60% of the time of the last 700,000 years (see Gamble 19860, 1987) . Pre-modem hominids were adapted to these "long-term" conditions, not to the comparatively short-lived fully glacial or interglacial ones. Whallon (1989) has used the environmental background of the Upper Palaeolithic demographic expansion to infer fundamental differences in adaptive strategies between Upper Palaeolithic and earlier hominids. In his view Upper Palaeolithic strategies were based on complex language systems with "displacement" (that is, reference to things beyond the here-and-now, the ability to discuss the possible outcome of future actions and the results of past activities and experiences), on the presence of capacities for anticipation on the basis of a group memory, resulting in the development of a number of mechanisms for information storage, retrieval, and use, and on the existence of extensive alliance networks that functioned as a kind of social safety net in the unpredictable environments. In his opinion Upper Palaeolithic societies were able to store practical information on how to cope with subsistence crises in a form that could be transmitted, as a kind of "tribal encyclopedia" (cf. Pfeiffer 1982) , over periods considerably longer than an individual life-span (cf. Mine 1986) .
The shift from protolinguistic systems to more complex systems with displacement and the shift from anticipation strategies on an individual basis to strategies based on a group memory are seen to occur around the Middle/Upper Palaeolithic transition. In Whallon's model this shift is indicated by occupation of "marginal," high-risk environments such as the Australian desert and the Siberian arctic tundra on a permanent basis. Both these areas share, in his view, the features of large-scale geographical homogeneity, low resource density, diversity, and high unpredictability in key factors such as rainfall in comparison with previously inhabited environments. The relatively sudden expansion into new and difficult environments whose sustained exploitation demanded all the above-mentioned capacities argues for their emergence at this time. The ecology of the human occupation of Pleistocene Eurasia has become very important in Palaeolithic archaeology (see, e.g., Binford 1989 , Frenzel 1985 , Goodenough 1990 , Graves 1991 , Müller-Beck 1988 , Soffer 1991 , Soffer and Gamble 1990 , probably because more traditional archaeological evidence, such as stone tools, is regarded as less well suited to the study of social and cultural change.
In this paper we will show that crucial elements of some of these new ecologically based models lack empirical support. We will review the environmental background of the Palaeolithic occupation of Northern Europe (western and central Europe north of the Alps, from England via the northern part of the continent to the eastern parts of Germany), examining key sites many of which have been excavated very recently or are still under excavation and which have been the objects of multidisciplinary research on the palaeoecological setting and the age of the archaeological assemblages (table i) . We focus here on the extremes of Pleistocene environmental and climatic fluctuations |interglacials and major cold phases), for these play a crucial role in the models mentioned. These extremes are considered by many researchers to be the phases "where pain and penalty reside, where variables are stressed and strained beyond the breaking point, where selection happens and where most change occurs" (Wobst 1990:330) . We also review sites from "intermediate" settings to demonstrate that Northern Europe was occupied during a wide range of environmental conditions. Finally, we briefly discuss the implications of this database for existing models. Our focus on evidence from Northern Europe is warranted because of the large database of considerable time depth that stems from more than a century of Palaeolithic research. The emphasis we place on the environment of early hominid occupation of Europe does not, however, mean that we consider the environment as the determinant of human behaviour. We see it rather as the background against which social processes took place [cf. Gamble 19860) .
The Chronological Framework
When considering the settlement history of an area as large as Northern Europe, one is confronted with the problem of putting the evidence from various geographically dispersed sites in a chronological framework that can be applied to the whole area. Recent work on the biostratigraphical subdivision of the European Quaternary and new developments in absolute dating techniques (cf. Aitken 1990} have greatly increased the possibility of putting sites in a relative sequence. The limits of absolute dating methods and especially of many of the correlations based on them are nonetheless quite significant. The recent discussion between two groups using electron spin resonance on shell samples from the Middle Pleistocene Holstein interglacial beds in the type area provides an example of the persisting uncertainties in chronostratigraphical correlations: Sarnthein, Stremme, and Mangini (1986) conclude that the Holsteinian interglacial correlates with oxygen-isotope stage ii, whereas Linke, Katzenberg, and Grün (1985) assign it to stage 7 (see also Grün 1988 versus Barabas et al. 1988) .
As this paper deals with the settlement history of Northern Europe, we will use the chronostratigraphic scheme that is currently in general use in that area. This scheme is mainly based on work carried out in the Netherlands, an actively subsiding sedimentary area-the southern North Sea Basin, where thick beds of deltaic and marine deposits formed in the Quaternary. The biostratigraphical subdivision of these Quaternary beds is based mainly on pollen analysis (Zagwijn 1985) . So far, analysis has revealed 15 stages of temperate climatic conditions after the first major cooling of the pre-Tiglian cold stage, which started about 2.3 million years ago. In this paper the Middle and Late Pleistocene are of special interest. Figure i reviews the climatic evolution for these periods in the Netherlands. Here we wish to stress the existence of at least four interglacials within the "Cromerian complex." The Saale "glacial" stage also displays a complex climatic development, with at least two major interstadials (Zagwijn 1973) . The Dutch Quaternary climatic curve shows some striking similarities with the deep-sea oxygen-isotope record, although more dating checks will be necessary to demonstrate exact matches. (after Zagwijn 198; ) . Age in million years; temperature in degrees C, estimated mean for July. ', includes several glacials and interglacials.
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6 "OtoPDB Praetiglian per both the Dutch Quaternary nomenclature and the oxygen-isotope stages will be used in discussing the ages of sites, not to pinpoint them exactly but to give an idea of the time periods with which we are dealing.
The relative ease with which different correlations can be posited means that archaeologists working with data from this time range have to be careful in developing models depending strongly on behavioural events "precisely" pinpointed in the Pleistocene. These problems with dating and correlations preclude working with fine time scales. We will therefore discuss the sites mentioned here in two broad chronological groups, a Middle and a Late Pleistocene one. In the first group the sites are divided into a pre-stage 7 and a later subgroup, a division facilitated by the results of recent biostratigraphical work-especially studies of the Pleistocene micromammal faunas of Northern Europe (e.g., Heinrich 1987, van Kolfschoten 19900) . The Late Pleistocene evidence will, for clarity's sake, also be presented in two subgroups, one dealing with the Middle Palaeolithic data and one with the Upper Palaeolithic.
The Palaeoecological Assessment of Landscapes
The climatic and environmental changes characteristic of the Quaternary are best known for the last interglacial/glacial cycle. The detailed knowledge of this cycle is derived from both terrestrial and deep-sea-core data. The cycle begins with a relatively short interglacial, from 128,000 to 118,000 years ago, stage se of the oxygen-isotope record. The short duration of this Eemian interglacial is comparable to the estimates of the duration of other Pleistocene interglacials, as inferred from counts of organic varves in interglacial lake deposits of England and Germany (Meyer 1974 , Muller 1974 , Turner 1975 ). The Eemian interglacial was followed by the Weichselian glacial, a period with many climatic oscillations. At the beginning of this period several rather warm interstadials are represented in pollen diagrams. During these periods the northern parts of Europe were covered with coniferous woods. These Early Weichselian interstadials were separated by periods of open vegetation and often strong cooling. The coolest part of the Weichselian also witnessed some climatic fluctuations, but no significant reforestation occurred then, the landscape remaining open. The period roughly between 30,000 and 10,000 years ago saw a rapid buildup of continental ice-sheets and a corresponding fall in sea level. At around i8~,ooo B.P. the glacial maximum was reached, followed by a rapid amelioration of the climate leading to the retreat of the ice-sheets. The return
FIG. 2. Tentative correlation of the Quaternary in the
Netherlands with the isotope stages in deep-sea core V 28-2)9 {modified, after de long 1988 and Shackleton and Opdyke 1973 . of interglacial conditions of the Holocene marked the beginning of a new cycle. According to the oxygen-isotope record and some more fragmentary terrestrial data, earlier cycles must also have broadly followed this pattern. Within the rough limits of this pattern, climatic changes were relatively rapid and numerous, as can easily be observed in the pollen record and the oxygenisotope data for the last cycle.
Because of the importance of interglacials in our and other views of the Pleistocene settlement of Europe, we need to consider carefully how to define them and address their variation. As early as 1928, Jessen and Milthers defined an interglacial as a period with a vegetational and hence climatic evolution similar to that of the Holocene. This included a clear expansion of thermophilous trees, an essential difference from interstadial periods (cf. Zagwijn 1989] . As has been pointed out by many researchers, a clear-cut distinction between interglacials and interstadials is not always possible, because climate and vegetation may vary from one area to another during the same period. In general, however, the interglacial stages of the last 900,000 years are characterized by a clear succession of warmth-loving trees that follows a pattern of vegetational change through the four pollen zones shown in table i. The middle phase of an interglacial is characterized by deciduous forests (pollen zones 2 and 3). Coniferous and birch woodland and more extensive herbaceous vegetation characterize the beginning and the end of an interglacial (pollen zones i and 4). Within this general framework, however, the character of the interglacials and the interglacial vegetation in the Quaternary varied from one interglacial to another (Zagwijn 1989, 19910) . The Eem and the Holstein interglacials, for example, have been characterized as very oceanic in western as well as in central Europe. This is indicated, for example, by the frequent occurrence of ivy [Hedera] and holly (Ilex] in Herman and Holsteinian pollen sequences in western Russia, far to the east of their present distribution. The Eemian and the Holsteinian must have been interglacials with a high sea level and an oceanic climate similar to or warmer than the present one, with vegetation and climate rather uniform over large areas. This uniformity permits distinct pollen-stratigraphie correlations ( fig. 3 ). In the Eemian, for instance, silver fir [Abies] had a distribution far into the European lowlands, and in the Holsteinian it spread even farther into South Estland. On the level of the specific forest succession, the Eemian and the Holsteinian differed somewhat, probably in connection with a more rapid temperature increase in the Eemian as compared with the Holsteinian and the Holocene. These warmoceanic interglacials with rather homogeneous vegetation cover contrast with interglacials of a more continental type, which show a distinct north-south and east-west gradient in vegetation. During these "low-sealevel" interglacials Abies is missing north of the Alps.
Independent of these palynological data, oxygen-isotope studies have yielded a comparable picture. Shackleton [1987] , addressing the sea levels of the glacial and interglacial periods of the Brunhes period, concludes on the basis of the analysis of a large number of deep-sea cores that the extremes of stages i (the Holocene], 56 (the Eemian), 9, and 11 are very similar, indicating that these interglacials had comparable sea levels. These four interglacial peaks are isotopically significantly lighter than those of stages 7, 13, 15, and 19. Shackleton suggests that during these latter more extensive ice caps remained present in the northern hemisphere, resulting in a relatively low sea level.
The question now is whether the differences between interglacials are important for our understanding of the ecology of the settlement of Northern Europe and, if so, whether we can detect any differences between the archaeological records for the two kinds of interglacials. At present we do not know if the low-sea-level interglacial environments had more open vegetation than the oceanic ones, but according to Zagwijn (1989) the environmental gradient must have been steeper, meaning less ecological homogeneity. The problem here is differentiating these two kinds of interglacials at the level of sites. Zagwijn suggests that the presence of Abies may be a good indicator for oceanity in the region discussed here. Because few sites have yielded good botanical data, however, we must often rely on faunal remains for our environmental reconstructions, and we simply do not know how to identify low-sea-level interglacials on the basis of fauna. There are some sites where absolute dates strongly point to a stage 7 age, a low-sea-level intergla- cial according to the oxygen-isotope data (Shackleton 1987] , but the fauna from such sites (e.g., MaastrichtBelvédère) is fully interglacial and suggests heavily forested conditions. The Lower Travertines at Ehringsdorf are similar in biostratigraphical and absolute age to Maastricht-Belvédère, and here abundant floral remains indicating a mixed-oak forest confirm the full interglacial nature of the fauna (Steiner 1979 (1991) , that the intensity of an interglacial period cannot be deduced from the presence of these exotics-that climate is apparently not the only factor controlling their immigration.
Guthrie has long argued that Pleistocene reconstruction suffers from an inadvertent application of a unif ormitarian principle of vegetational control. In his view (Guthrie 1990) data from Pleistocene large mammals indicate that a very productive arid steppe existed across northern Eurasia and Alaska even at the height of the last glacial. Mammalian fossil evidence suggests that icefree northern areas had both greater carrying capacities and greater diversity of large mammals during the Pleistocene than we see today (Storch 1969 !. Pleistocene mammals from the northern latitudes were not on a marginal tundra or polar desert but were able to acquire large quantities of quality forage during the summer growth season. This environment, the "mammoth steppe," was a more productive rangeland for large mammals than the natural vegetation in those areas today.
Taphonomy and Climate
Any consideration of Palaeolithic settlement history must acknowledge that we are basing our interpretations on the very fragmentary evidence that has escaped destruction and redeposition by a large number of geological and biological forces. The evidence that we have is shaped by these natural forces as well as by sampling biases that have led to the discovery of a disproportionate number of sites in caves and in areas where there is an incentive to conduct large-scale mining. As far as these natural forces are concerned, it has been stated many times that the known Palaeolithic sites represent only the smallest fraction of the original number of sites.
An obvious factor affecting the distribution of finds in Northern Europe is the destructive influence of the glaciers themselves. Glaciers have repeatedly scoured the landscape and destroyed or redeposited sites. River and stream drainages have also reworked innumerable sites; the wide river valleys of Northern Europe, including the Rhine, the Somme, and the Thames, were responsible for large-scale redeposition of sediments. Studies of trace minerals indicate that the major river drainages of northwestern Europe are the sources of the enormous volumes of loess that covered much of the continent in recent glacial cycles. Such large-scale movements of sediments doubtless destroyed large numbers of sites in the primary river drainages and their tributaries. Many sites were also lost to the marine transgressions of our and preceding interglacials.
This brings us to the difficult topic of identifying our climatic biases. For example, in a typical stratigraphie section through a long series of loessic deposits, one frequently observes thick yellow loesses divided by darker Bt (clay illuviation) horizons which formed during temperate climatic conditions. These darker bands are loessic sediments in which iron, manganese, and claysized particles have become concentrated by aqueous soil chemistry during temperate phases. The humic topsoil deposits were nearly always eroded at the close of an interglacial, leading to destruction of the surface sites formed in these temperate climatic conditions. Wellpreserved sites dating to temperate periods can therefore usually be found only in travertines and lacustrine and fluvial deposits-deposits formed in "wet" environments. The generally fine-grained character of interglacial sedimentation and the associated superb state of preservation of many of these sites is a good explanation for the relative abundance of well-preserved sites from these brief periods as compared with other climatic settings. In fact, many of the well-preserved Pleistocene sites from Northern Europe are of Lower and Middle Palaeolithic age, which may be a consequence of the character of the sedimentation in the more temperate periods of this time-span.
In light of the variety of post-depositional processes that may have affected primary scatters and caused association of elements deposited in different time periods and under varying ecological settings, we will have to focus here on remains in primary context. This necessitates omitting the vast majority of the traces of Palaeolithic occupation. Nevertheless, we have a strong enough database to demonstrate that hominid settlement of Northern Europe was not limited to a narrow range of environmental conditions. The following pages will present some of the more important sites that document the diversity of the Pleistocene settlement of Northern Europe.
The Palaeolithic Occupation of Northern Europe THE PRE-STAGE 7 EVIDENCE Discussing the settlement history of an area of course means identifying the earliest evidence for occupation. In the European context this is a hotly debated topic around which several congresses have been organized in recent years (Andernach 1988: "Die erste Besiedlung Europas"; Paris 1989: "Les premiers peuplements humains de l'Europe" [Bonifay and Vandermeersch 1991) 1 Milan 1990: "The Earliest Inhabitants of Europe"). As Cook et al. (1982) have stated, claims for early sites must be subjected to critical evaluation concentrating on the artefactual character of the hthic assemblages and their ages. When this scrutiny is applied to the evidence from Northern Europe, there seems to be no sound evidence for occupation prior to the Middle Pleistocene. Elsewhere in Europe, only a few sites seem to be found in sediments deposited just before the Brunhes/Matuyama magnetic reversal (around 700,000 years B.P.). Examples of such sites include the open-air site Soleilhac in the Massif Central and Vallonet Cave (Alpes Maritimes). A site that has often been mentioned as a very reliable indicator of occupation just prior to the Brunhes/Matuyama boundary is Isernia la Pineta, but judging from its faunal content it must be considerably younger (von Koenigswald and van Kolfschoten n.d.|. In Northern Europe the oldest convincing evidence for occupation dates to about 500,000 to 400,000 years B.P., in the later part of the Cromerian complex or, in terms of the oxygenisotope chronology, around stages 13 to n.
One of the earliest sites is Amey's Eartham Pit, near Boxgrove, West Sussex, England (flg. 4). This pit has been under excavation since 1984 (Roberts 1986 (Roberts ,1990 ). In the Middle Pleistocene units 3 and 4 numerous lithic remains have been found over a large area, often in primary-context concentrations and sometimes in association with bone which has been artificially modified in butchering processes. The dominant tool at Boxgrove is the biface, ovate in form and extremely well made. Conjoining studies have yielded a large number of refitted groups. The deposits in which the flint industry is present were formed through a variety of changing environmental conditions, ranging from open shoreface through intertidal lagoon to stable terrestrial land surface (Roberts 1990) . The rich vertebrate fauna clearly indicates full interglacial conditions during the hominid occupation. The presence of woodland is attested to by species such as Apodemus sylvaticus, the dormouse Muscaidinus avellanarius, a squirrel, Sciurus sp., the badger Mêles mêles, Myotis becksteini, and some larger mammals. The age of the Boxgrove deposits is hotly debated, and the application of a large number of dating methods has not yielded a coherent picture. The biostratigraphical evidence, however, indicates a late Cromerian age. A correlation with minimally stage 11 or with stage 13, with an estimated age of 478,000 to 524,000 years B.P. (Shackleton and Opdyke 1976) , seems most likely (Roberts 1990) .
Boxgrove is, from a faunal point of view, contemporaneous with a German site still under excavation, Miesenheim i, in the Neuwied Basin in the Middle Rhine area (Turner 1991) . This site has yielded a small hthic assemblage which according to the limited pollen data was deposited at the end of an interglacial: species of the mixed-oak forest were still present, but Pinus and Betula dominated the forested environment, in which Abies was also present (Boscheinen et al. 1984) . The wellpreserved rich vertebrate and molluscan fauna supports this interpretation, containing woodmice (Apodemus}, dormice {Eliomys and Muscardinus), and roe deer. Biostratigraphically and on the basis of heavy-mineral studies the fauna has been correlated with the youngest interglacial of the Cromerian (Cromer IV) (van Kolfschoten 19900), roughly 400,000-450,000 years B.P. (van Kolfschoten and Turner n.d.).
Another Middle Pleistocene interglacial locality in the Neuwied Basin is a site excavated in limnic sediments in the Karlich clay pit. This site was located on the bank of a small lake that had formed in a depression. Pollen analysis of the sediments shows that the archaeological material was deposited in the Corpinus-mixedoak-toiest-Abies phase of an interglacial, with Carpinus representing 30-40% of the pollen (Kroger et al. 1988 ). The site is still under excavation, but so far Lower Palaeolithic artefacts have been found scattered over a large area in which tusks, molars, and bone fragments of four straight-tusked elephants have been recorded along with other mammalian species and very well-preserved wood remains (Kroger et al. 1988 , Kroger 1990 ). The site is younger than Miesenheim i, but its exact age is still uncertain (see van Kolfschoten and Turner n.d.). At both Miesenheim i and Karlich Abies is present.
The famous mandible from the Grafenrain sand quarry at Mauer near Heidelberg, the oldest human fossil in Europe, was associated with a Middle Pleistocene fauna of full interglacial character, including Diceroihinus etmscus, Elephas antiquus, and H. amphibius. Although the context is far from secure, its age and environmental evidence warrant mention here (cf. Cook et al. 1982) .
Pollen studies have placed the "freshwater beds" at Clacton-on-Sea (Essex, England), containing the typeClactonian industry and the Clacton "spearpoint" |cf. Oakley et al. 1977) , in zone Ho 2, the early-temperate phase of the Hoxnian interglacial (Pike and Godwin 1953 , Turner and Kerney 1971 , Wymer 1988 . Many correlations have been proposed for the Clacton sediments, but a pre-stage 7 age seems certain. During the deposition of the freshwater beds conditions were interglacial, with a mixed-oak forest including yew (Toxiis)-from which the spear was made-and Abies. The occurrence of Hedera and Ilex indicates that the climate was oceanic. The fauna (see Singer et al. 1973 ) also testifies to interglacial conditions. The evidence for human occupation around Lake Hoxne, the type site of the Hoxnian stage of the British Quaternary sequence, during the actual Hoxnian interglacial has to be treated with some caution (Wymer 1983), but there is much evidence for human occupation in the overlying fluvial deposits, where two Acheulean industries in primary context have been recovered (Wymer 1983) . The Hoxne Lower Industry, found and excavated over nearly 300 m 2 , has been placed by pollen analyses in a cool phase following the Hoxnian interglacial or at least at the very end of the post-temperate zone 4 of the interglacial. The mint condition of the flints 56o j CURRENT ANTHROPOLOGY Volume 33, Number 5, December 1992 enabled Keeley ( 1980] to draw inferences about their use from microwear analysis. The Lower Industry was associated with a large number of faunal remains including beaver (Castor fiber), giant beaver (Tiogontherium cuvieri}, Macaco sp., otter {Lutra sp.|, straight-tusked elephant, horse, rhinoceros, pig, giant deer, red deer, roe deer, and aurochs/bison.
The palaeoecological evidence from the Lower Loam at Barnfield Pit, Swanscombe, is more ambiguous. Waechter's excavations revealed horizons in these deposits in which "Clactonian" artefacts occur. The finds were left on temporary land surfaces during the formation of the loam (Waechter, Newcomer, and Conway 1970) . These fine-grained, silty sediments are interpreted as having accumulated in the still fresh water of a lake or a very watery fenland or marshland. Several conjoinable flakes in very fresh condition represent fragments of knapping areas to which disturbance must have been minimal. According to Roe (1981] the faunal remains from the Lower Loam are much the same as those found in the Lower Gravel, which are considered typical of the Hoxnian interglacial.
The travertine site of Bilzingsleben, 35 km north of Erfurt, Germany, is well known for having produced hominid fossils, a large assemblage of small artefacts, and a huge quantity of palaeoecological material , Mania, Toepfer, and Vlcek 1980 , Mania and Weber 1986 !. The absolute dates available for the important Steinrinne site display a wide range of ages, from approximately 180,000 to 400,000 years B.P. (see Mania 1988) . On the basis of the faunal evidence we are probably dealing with a pre-stage 7 interglacial occupation under rather dry, continental conditions. has identified 40 species among the plant remains from the site including taxa characteristic of a full interglacial mixed-oak forest. The ostracods and molluscs also point to full interglacial conditions. Fourteen percent of the gastropod fauna consists of "exotic" species that today have a Mediterranean or southern European distribution (Mania 1989 !. They present 3 picture comparable to that given by the floral and ostracod data. The well-preserved faunal remains also testify to the interglacial character of the hominid occupation. Among the micromammals, water vole (Arvicola terrestris cantiana}, bank vole (Clethrionomys glareolus], and the beavers C. fiber and T. cuvieri are present. The macrofauna contains among other species straight-tusked elephant, forest rhinoceros, steppe rhinoceros, horse, boar, red deer, fallow deer, roe deer, bison, and aurochs.
On the basis of its position in the terrace stratigraphy of the Somme River in northern France, the site Cagny-1'Epinette is thought to date to around stage 9 (Tuffreau et al. 1981^, Tuffreau et al. 1986 , Antoine 1990 (Turner 1986 (Turner , 1989 (van Kolfschoten 19900, b) . On the basis of the loess stratigraphy and the biostratigraphy of the small mammals, the site may date to the first cold phase of the Saalian (i.e., stage 8).
Evidence for relatively early "cold-period" settlement of Northern Europe also comes from a site in southcentral Belgium, Mesvin 4, near the city of Mons (Cahen and Michel 1986) . This site within the Mesvin terrace has yielded a rich concentration of Middle Palaeolithic artefacts and bones. Both the flints and the bones have been subjected to lateral displacement, but the large number of refitted artefacts, the freshness of the artefacts, and taphonomic study of the bones (van Neer 1986) indicate that disturbance was minimal. Mammoth, woolly rhinoceros, horse, reindeer, bison, and Arctic fox, among other species, constitute this early Saalian fauna, indicating that the hominid occupation took place in a cold and open, probably steppe-like environment.
THE LATER MIDDLE PLEISTOCENE
As a result of recent work on the biostratigraphy of small mammals and the application of recently developed dating techniques, an increasing number of sites has been placed in a pre-Eemian, post-Holsteinian interglacial phase, usually correlated with oxygen-isotope stage 7. This is not the place to go into detail on the dangers involved in these correlations (see Roebroeks 1988) . In this context it is relevant to state that there indeed seems to be more between "the" Holsteinian and the Eemian than was formerly acknowledged (cf. Cook et al. 1982) . We have seen that humans were present in Northern Europe under full interglacial conditions and probably also in colder periods in the first part of the Middle Pleistocene. Evidence from the subsequent time period yields essentially the same picture, though with considerably more data on cold-stage occupations.
Since 1980 a series of well-preserved archaeological sites has been excavated at the Maastricht-Belvédère loess and gravel pit [Roebroeks 1988 ]. The pit is located at the southern tip of the Netherlands, in the northern zone of the European loess belt. The main find layer is situated in fine-grained fluviatile deposits of the River Maas that have been dated by several independent lines of evidence (e.g., biostiatigraphy, electron spin resonance [ESR] , and thermolurninescence [TL)|. The interglacial Middle Palaeolithic industry, sometimes associated with faunal remains, has a TL date on burnt flints of 150,000 ± 12,000 years B.P. (Huxtable 1992 ), The conjoining studies of the lithic assemblages have yielded spectacular results, clearly pointing to the in situ character of the assemblages. The interglacial character of the hominid occupation is well attested by the vertebrates, with Ursus sp., straight-tusked elephant, steppe rhinoceros, red deer, roe deer, and giant deer present together with the garden dormouse £. quercinus, C. glareolus, and £. orbicularis, alongside more than 70 species of molluscs, and charcoal of ash (Fraxinus sp.| and oak (Quercus sp.) (van Kolfschoten and Roebroeks 1985, Roebroeks 1988) . According to the results of the malacological analyses, hominid occupation took place in the climatic optimum of the interglacial (Meijer 1985) .
FIG. 4. Middle Pleistocene sites discussed in the text
The travertine quarries at Ehringsdorf, near Weimar, have been producing large amounts of faunal remains for almost two centuries (Steiner 1979) . The age of the lower and upper travertines has been debated over and over (e.g., Steiner 1979 , Cook et al. 1982 . Judging from the small mammals from both sites (van Kolfschoten 19900) the lower travertines seem to predate the Eemian interglacial and may correlate with the interglacial deposits at Maastricht-Belvédère. Uraniumseries dating of the occupation layers with ash and charcoal in the lower travertines seems to support this stage 7 interpretation, giving ages in the range of 200,000 to 250,000 years B.P. (Brunnacker et al. 1983 , Blackwell and Schwarcz 1986 . Excavations in the lower travertines revealed six in situ archaeological horizons associated with cranial and post-cranial remains of several hominid individuals. The large amounts of floral and faunal remains overwhelmingly point to fully interglacial conditions for the lower travertines. More specifically, studies of the floral remains have placed the occupation layers in the climatic optimum of this interglacial, the mixed-oak forest phase (Steiner 1979) .
The travertines from Stuttgart-Bad Cannstatt are probably comparable in age to the lower travertines at Ehringsdorf. Leaves and fruits of Buxus sempervirens and remains of £. orbicularis are only two of the indications of the interglacial character of the travertines and the enclosed archaeological remains. We can furthermore mention the presence of Quercus robur, C. betulus, Ulmus sp., cf. Pterocarya fraxinifolia, and Fraxinus excelsior among the floral remains and D. kirchbergensis and £. antiquus among the fauna (Adam, Reiff, and Wagner 1986; Wagner 1984 Wagner , 1990 .
The beginning of the following cold stage of the Saale complex (oxygen-isotope stage 6) is documented at the important site of Biache-Saint-Vaast, between Arras and 56i l CURRENT ANTHROPOLOGY Volume }j, Number 5, December 1992 Douai in northern France. This multilevel site was excavated in the seventies in a series of rescue operations (Tuffreau and Sommé 1988] . The fluvial deposits of a lower terrace of the Scarpe River yielded a very rich Middle Palaeolithic industry and large amounts of faunal remains, among which two fragmentary human skulls were identified. The mammalian fauna is dominated by bovids, rhinoceroses, and bears, together representing 90% of the identified remains (Auguste 1988). The stratigraphy of the site indicates a Saalian age, and a TL date on burnt flints places the site at 175,000 ± 13,000 years B.P. (Aitken, Huxtable, and Debenham 1986) . Studies of the biological remains recovered from the Biache sediments (vertebrates, molluscs, and pollen) show that hominids were there just after the end of an interglacial, during "cool-temperate" or "boreal-continental" early glacial conditions, intermediate between the full interglacial conditions at Maastricht-Belvédère, Ehringsdorf, and other sites discussed above and the cold-period sites described below (cf. Tuffreau et al. 198212) .
Above the Ariendorf i find level mentioned above is a second archaeological level Turner 1983, Turner 1986 ) in a Saalian loess unit, Ariendorf 2. Here a small, partially conjoinable lithic assemblage consisting of simple flakes made from local raw material was associated with a dense concentration of bone, also dominated by horse, woolly rhinoceros, and large bovids. The mammals again indicate occupation in an open environment with herbaceous vegetation during a cold climatic phase. The biostratigraphy of the assemblage points to a late Saalian age, possibly oxygenisotope stage 6.
In the Neuwied Basin, just to the south of Ariendorf and across the Rhine, there is a group of Middle Pleistocene volcanoes whose loessic crater infillings often contain stone artefacts and humanly modified faunal remains (Bosinski et al. 1986) . Although the taphonomic context of these sites is not always very clear, three of them, the Schweinskopf-Karmelenberg, Tonchesberg i, and Wannen volcanoes, have yielded clear evidence for occupation of a cold and open steppic environment during the penultimate glaciation (Schäfer 1990 , Conard 1990 , Justus, Urmersbach, and Urmersbach 1987 . Woolly rhinoceros, mammoth, reindeer, and Arctic fox are among the faunal remains at these sites, while find horizon 5 at Schweinskopf and the loess at Wannen and Tonchesberg i contained fossils of D. gulielmi and L. lagurus.
For decades the loess sections in a pit near Achenheim, in the French Upper Rhine Valley, have yielded among the many find horizons important evidence for cold-period habitation during the penultimate glaciation (Wemert 1957 , Heim et al. 1982 . Excavations in the 19705 uncovered new archaeological finds from "Sol 74," also dating to the penultimate glaciation (Thévenin and Sainty 1974) , including the remains of mammoth, reindeer, and horse.
Another site, on the western fringe of the European "continent," also contains evidence of human occupation under cold conditions: La Cotte de St. Brélade on Jersey (Callow and Cornford 1986) . The site is on an island now, but in colder periods low sea level connected the island to the European continent. Rich occupation debris was found in the loessic matrix of late Saalian (stage 6) layer A in association with a fauna including mammoth, woolly rhinoceros, horse, and reindeer. At the base of the overlying loess deposit (layer 3] excavators found a concentration of bones of several rhinos and mammoths, associated with flint artefacts. A similar situation is seen in layer 5, where occupation debris was present at the base of a second boneheap. A loess (layer 6) deposited under extremely cold climatic conditions immediately follows the bone concentration in the stratigraphie sequence. In layer 5 as well as in layer 6, DicTOStonyx and M. gregalis are present, leading Chaline and Brochet (1986) to infer that these layers were formed when the area was covered by a cold windswept steppe, "a typical environment of the periglacial zone." Scott's (1986) study of the boneheaps indicates that the bones of each level accumulated on one occasion and were covered by loess soon after deposition. The bones must have been blanketed with loess while the bone surfaces were still in excellent condition and while some elements remained in articulation. This clearly indicates, independent of the faunal species, that human occupation occurred under cold and dry conditions immediately preceding considerable loess deposition. Scott mentions several instances of bones that must have been buried by loess while there still was muscle or ligament holding them together (p. 169).
THE LATE PLEISTOCENE: THE MIDDLE PALAEOLITHIC EVIDENCE
Contrary to Gamble's (19860) opinion on the Ecmian occupation of Northern Europe, a number of sites can be placed unambiguously in this interglacial phase (flg. 5). Some are very recent discoveries in the fill of sedimentary basins that came into existence after the retreat of the Saalian glaciers in northeastern Germany. The sites in travertine deposits in this region have been known to Palaeolithic archaeologists for decades. Gamble ignores them because he thinks they date to the beginning of the Weichselian glacial-to the early-glacial, rather warm interstadials. We consider this interpretation unwarranted, unsupported by the large amount of floral and faunal data from these sites. As has been mentioned above, Zagwijn (1989) describes the vegetation of large parts of western and central Europe as a broad-leaved forest dominated by hornbeam \Caipinus}. The climate was oceanic far into central Europe; the sea had invaded many coastal lowlands. The forest succession during the Eemian interglacial was remarkably uniform over large parts of the continent, and the vegetational gradient was very gradual. The archaeological evidence demonstrates that this environment supported a human population.
The travertine sites in the region of Weimar have been known since the end of the i8th century. Here a series of Pleistocene travertines are present, of which the Eemian are the youngest. The Taubach travertines have z, Ariendorf; 3, 4, Bwgtonna; 5, Gönnersdorf, Grabschutz; 7, Gräbern; 8, 9, Kanne; 10, Kartstein; ii, Königsaue; 12, Lehringen; 13, Lommersum; 14, 15, Maisières; 16, 17, Orp; 18, Rabutz; 19, 10, Seclin; 21, Sprendlingen; 12, Swej'Wim'zen, 13, Taubach; 14, Tönchesberg; 25, Vaucelles; 26, Veltheim; 27, Verlaine; 28, Wallertheim. traditionally been assigned an Herman age on the basis of their stratigraphical position and the enclosed floral and faunal remains. Uranium-series age determinations have confirmed this assessment (Brunnacker et al. 1983, Blackwell and Schwarcz 1986) . These fully inteiglacial deposits, with an £. antiquus fauna, contain evidence for the presence of hominids including many flint artefacts and some human teeth (Behm-Blancke 1960 , Toepfer 1970 , Mania 1988 . The neighbouring Eemian travertines of Weimar provide a similar palaeontological and archaeological picture. To the west of these two sites, the travertines of Burgtonna yield, alongside many plant remains, 102 mollusc species, indicating that the few flint artefacts found there were deposited in the climatic optimum of the Eemian interglacial (Schäfer 1909 , Mania 1978 , Toepfer 1978 . The travertines of Veltheim, near Halberstadt, are about 100 km north of the sites just mentioned, and they too yield an inteiglacial fauna and floral remains characteristic of a mixed-oak forest, together with a small flint assemblage |Toepfer 1970).
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The Lehringen site, in the northern lowland area of western Germany, is well known because of the find of a yew spear amidst bones of E. antiquus and the 15 flint artefacts associated with these faunal remains (Adam 1951, Thieme and Veil 1985) . The site has aroused much speculation about the hunting (cf. Thieme and Veil 1985) and scavenging (Gamble 1987] techniques of Middle Palaeolithic hominids. Here it is important to stress once again that the finds were present in Eem-interglacial lake sediments, deposited in a sedimentary basin that came into existence after the retreat of the Saalian glaciers. The sediments of the basin have yielded a rich fauna indicative of full interglacial conditions. Pollen analyses of the deposits indicated that human occupation took place in the lime-elm-hazel period of the Eeminterglacial forest (see Thieme and Veil 1985) .
A site that shows some striking similarities to the Lehringen one has recently been excavated in a pit at Grobem, near Leipzig, in Eem-interglacial lake deposits (Litt 1990, Erfurt and !. The excavators recorded 195 well-preserved bones of E. antiquus, lying together in an area of 20 m 2 and forming an almost complete skeleton. Among the bones 27 flint artefacts were found. Some of the artefacts show traces of use, and the flake inventory closely resembles the one from Lehringen (Heussner and Weber 1990] . The elephant bones belonged to an adult individual with an estimated age of 35 to 40 years. The skeleton displayed traces of osteitis and may be the remains of a scavenged animal. Pollen analysis of the deposits indicates that humans visited the site in the Eem interglacial, around the transition between the hazel-yew-lime period and the hornbeam period, that is, under full interglacial conditions.
The Grobem site is situated in one of the three Eemian sedimentary basins with archaeological remains in the older moraine belt of the Halle-Leipzig area, near the southern limit of the Saale glaciation (see Eissmann et al. r988| . These basins are confined to depressions carved by the advance of the Saalian glaciers that became effective as sediment traps with the disintegration of the glacial ice. The basin fill consists of Eemianinterglacial and Weichselian-glacial deposits. The basins were discovered in large-scale exposures in brown coal quarries. The basin of Rabutz was already well known for its mammal fossils in the icth century. It has yielded rich interglacial floral and faunal remains (with, for example, E. antiquus, D. kirchbergensis, and E. orbicularis), associated with a Middle Palaeolithic flint industry (Toepfer 1958) . The majority of these artefacts comes from full interglacial deposits in which oak dominates among the plant remains representing 69 species and hazel, alder, lime, and ash are also present |cf. Toepfer 1958 Toepfer , 1970 . The Grabschutz basin, 10 km northeast of Rabutz, contained E. antiquus, Cervus elaphus, and Capreolus capreolus among its vertebrates, together with the pollen evidence indicating full interglacial conditions. The presence of humans is attested by a few flint artefacts (Eissmann et al. 1988 , Eissmann 1990 .
A very important site recently excavated is Neumark-Nord, in the valley of the Geisel, near Halle (Mania and Thomae 1989 . From 1985 onwards an important series of archaeological occurrences has been recovered from interglacial sediments in the brown coal quarry of Neumark-Nord. The sediments were deposited in a flat basin formed by coal diapirism following the retreat of the Saalian glacier. The age of the interglacial sequence has been the subject of some discussion between those favouring an Eemian age (e.g., Eissmann 1990 and proponents of an intra-Saalian interglacial age |Mania et al. 1990 ). In the interglacial sequence two shore levels are especially conspicuous from an archaeological point of view. Excavations of these shore regions have yielded remainssometimes nearly complete skeletons-of large mammals (rhinoceros, giant deer, red deer, aurochs, and especially fallow deer] that are sometimes associated with Middle Palaeolithic flint assemblages dominated by unmodified flakes. The full interglacial character of the hominid occupation of the shores of a small lake is demonstrated by the abundant floral remains, with Quercus, Corylus, Carpinus, Taxus, Tula, Buxus, and Ilex present. E. orbicularis, again, is one of the species represented in the fauna.
Recent excavations in the East Eifel (Bosinski et al. 1986) have also yielded evidence relevant to our understanding of the Late Pleistocene settlement of Northern Europe. Although many of the find horizons from the craters of the East Eifel are not in pristine contexts, finds from the Early Weichselian humic colluvium of layer iB at Tonchesberg demonstrate occupation of the region during a period immediately following the Eemian interglacial. Here a diverse lithic assemblage is associated with a warm-period fauna including Bos primigenius and D. dama and molluscan species indicative of relatively warm but not fully interglacial conditions (Conard 1990 , van Kolfschoten 19900, Roth 1990 , Tinnes 1987 .
The site of Wallertheim in the drainage of the Wiesbach 20 km southwest of Mainz also provides evidence for the occupation of the Rhine Valley between the Eem and the first glacial maximum of the last glacial cycle. The major excavations of 1927 and 1928 (Schmidtgen and Wagner 1929 ) recovered faunal remains and lithic artefacts from a thick series of stream deposits that probably post-date the Eem and pre-date the main Weichselian loess of Wallertheim (Bosinski et al. 1985^] . The rich molluscan fauna from the stream deposits indicates an open landscape with cool temperatures (Brunnacker in Bosinski et al. 1985!?}. Bison dominates among the large mammals, with the remains of at least 59 individuals which appear to have been butchered at the site (Gaudzinski 1992) .
A series of well-preserved Middle Palaeolithic find levels was excavated in the 19705 and 19805 at Seclin, near Lille in northern France (Tuffreau et al. 1985 ] . Early Weichselian humic sediments yielded a flint industry with numerous blades. The large number of refits (Revillion 1988) indicates the primary-context character of this site. Pollen analyses showed that human occupation took place in a "prairie boisée," with pine, spruce-fir, hazel, and alder (Leroi-Gourhan, Sommé, and Tuffreau 1978) . Burnt flints from the site yielded a TL age of 70,000-100,000 years B.P. (Aitken, Huxtable, and Debenham 1986) .
The deposits of the Ascherleben lake at Königsaue yielded a Middle Palaeolithic industry with abundant faunal remains, deposited in an early part of the Weichselian period. The fauna includes reindeer, mammoth, woolly rhinoceros, horse, and red deer, together with palaeobotanical evidence pointing to the existence of a steppic environment with scattered woods (Mania and Toepfer 1973) .
In the loess pit at Ariendorf a small assemblage (Ariendorf 3] was found in a humic soil horizon at the base of the last-glacial loess. The larger-mammal remains indicate an open herbaceous environment, with mammoth, woolly rhinoceros, and horse. Temperate elements, such as those recorded at the nearby site of Tonchesberg zB, are absent (Turner 1989 ].
An important site is Salzgitter-Lebenstedt, located in the southern part of the northern German plain, about 20 km southwest of Braunschweig. The site was discovered in 1951, when artefacts and faunal remains were found in digging operations 4 m below the groundwater level (Tode et al. 1953 , Tode 1982 . The combination of the preservation of organic remains and the presence of a rich Middle Palaeolithic flint industry was one of the reasons for further excavation in 1977 (Grote 1978, Grote and Preul 1978 !. The excavators are of the opinion that the archaeological material was deposited in an earlier part of the Weichselian, an interpretation supported by several 14 C dates, which point to a minimum age of 58,000 years B.P. for the site (Grote and Thieme 1985] . Bosinski (1963) , however, on typological grounds, considers the site to date from an earlier glacial cycle. Dur-ing the formation of the archaeological assemblage the site was situated at the mouth of a wide glacial valley. The environment has been described as a "grassy tundra," with scattered coniferous trees, the dwarf birch B. nana, and cold-adapted willows (Salix polaris and S. herbacea). In this subarctic environment reindeer, mammoth, woolly rhinoceros, bison, and horse were present. The faunal remains from the 1951 and 1977 excavations are dominated by reindeer, which represents about 80% of all identified remains (Staesche 1983] .
In the German province of Nordrhein-Westfalen, the cave sites of Balve and Kartstein provide evidence for cold-period occupation during the last glaciation (Bosinski 1967) . At Balve, the Mousterian layers 3 and 4 produced rich lithic industries and faunal remains of coldperiod mammals. The younger layer 4 yielded bones of reindeer, mammoth, woolly rhinoceros, and Arctic fox, whereas the older Mousterian finds were associated with remains of mammoth, woolly rhinoceros, horse, reindeer, and cave bear. The finds from the Mousterian layer 3 of the Kartstein cave include abundant faunal remains of horse and reindeer (Bosinski 1967] .
From a comprehensive study of over 300 sites and archaeological layers of the Middle Palaeolithic from west-central Europe, Bosinski (1967:68) concluded that the Mousterian of the region is, when faunal remains are preserved, always associated with a cold fauna that invariably includes horse, reindeer, mammoth, and woolly rhinoceros.
Evidence from numerous cave sites in southern Germany also testifies to Middle Palaeolithic adaptation to cold and open landscapes that were not very different from the ones occupied by their Upper Palaeolithic successors. Bocksteinschmiede and the adjacent cave of Bocksteinloch in the Lone Valley are two of these sites (Wetzel and Bosinski 1969] . The Middle Palaeolithic find levels in the Upper Danube region contain faunal assemblages with horse, woolly rhinoceros, mammoth, musk-ox, bison, and reindeer. The microfauna also indicates cold conditions, with typical representatives of arctic tundras in association with and in some levels dominating steppe elements. The small-and largemammal fauna furthermore indicates that in protected valleys some gallery forests may have been present in an otherwise open environment (Hahn and Kind 1991) . Muller-Beck (1988) has focused on this topic, concluding that Late Middle Palaeolithic groups had adjusted to the same environmental conditions as Aurignacian onesa Mammuthus-Rangifer Equus fauna with remains of Cervus-and that earlier Middle Palaeolithic occupation was marked by even colder and more extreme conditions.
THE LATE PLEISTOCENE: THE UPPER PALAEOLITHIC EVIDENCE
The evidence from Northern Europe indicates that anatomically modern humans were not present at the lateglacial maximum (Bosinski 1983 , Otte 1990 , Schmider 1990 or in the period of glacial recession immediately following it. The Magdalenian site of Halhnes in northern France (Fagnart 1984! is the only site that is placed in this period. This assessment is based on a 14 C date of 16,000 ± 300 B.P. The significance of this site, isolated in the north of the Paris Basin, and the doubts that have been raised about the archaeological significance of the '*C date (Hemingway 1980:251) necessitate new excavations at Hallines. Otte (1990) has placed the Magdalenian open-air sites of Kanne and Orp (Belgium) and Sweikhuizen (the Netherlands) in the same time range as Hallines. However, the TL dates for Orp indicate a much younger age (Vermeersch t99i) , and the excavators of the three sites consider a Boiling age the most probable. Apart from these sites, the earliest evidence for reoccupation of the study area after the late-glacial maximum comes from two Belgian cave sites, Vaucelles and Verlaine, where a few U C dates place Magdalenian levels in the Dryas I cold phase, at about 14,000-15,000 B.P. (Otte 1990) . These assessments are, however, based on a very small number of 14 C dates, and we know from sites where a substantial amount of 14 C work has been done (e.g., Gönnersdorf [see Street 1990) ) how problematic such dates can be.
The virtual absence of human occupation around the late-glacial maximum applies therefore to Belgium (Otte 1983 (Otte , 1984 , northwestern France, and the German Rhineland. In these areas occupation seems to have stopped for approximately 10,000 years (Bosinski 1983 ). Bosinski has stressed that this long period without occupation is surprising in that the climatic amelioration of the Lascaux interstadial (from around 18,000 to t7,ooo B.P.) is well reflected in the form of a clear soil horizon in the loess sections of this region. The human absence in the region, however, ended only in the Boiling interstadial, with Magdalenian sites like Gönnersdorf and Andemach, both in the Neuwied Basin. The absence of occupation in and around the late-glacial maximum is of great significance here. The ecological evidence for Upper Palaeolithic occupation before and after it yields a picture that is not significantly different from what we have seen in earlier periods.
Excavations at the Aurignacian open-air site of Lommersum (near Euskirchen] uncovered a series of find levels, some of which seemed to be in primary context (Hahn 1972 (Hahn , 1978 . Palaeoenvironmental studies (sediments, pollen, molluscs) have assigned one of these, level ic, to a cold-dry phase. Reindeer and horse are present in this level, which has several '*C dates giving it an age of roughly 33,000-31,000 B.P.
The majority of the Upper Palaeolithic evidence from Belgium comes from sites excavated in the r 9th century. Evidence from the few well-documented sites shows that Aurignacian occupation took place under cooltemperate, probably interstadial conditions (Otte 1979) . The Perigordian data point to occupation in open steppe environments with gallery forest along watercourses. The best site is Maisières-Canal (Hainaut), with a **C age of approximately 28,000 B.P. (Haesaerts and de Heinzelin 1979] . According to palaeoenvironmental studies the climate was not extremely cold. Although the envi-ronment can be described as steppic, the biotope certainly displayed some forest patches. The fauna includes bison (or aurochs), reindeer, red deer, horse, mammoth, and Arctic fox (Haesaerts and de Heinzelin 1979) .
The open-air sites of Sprendlingen and Mainz-Linsenberg, in the German Rheinland, are pan of a series of sites testifying to the Gravettian occupation of Germany well before the late glacial maximum (Bosinski 1983) . The loess site of Sprendlingen, excavated in the seventies, yielded a flint industry with much conjoinable material associated with a fauna of reindeer and horse (Bosinski et al. 19853) . Mainz-Linsenberg, situated south of the city of Mainz on a high plateau, was excavated in the 19208 in a surprisingly "modem" way. The flint industry was recovered from a loess section, together with a fauna dominated by reindeer. Remains of horse, woolly rhinoceros, Ursus sp., and mammoth were recovered too (Hahn 1969) .
Gönnersdorf and Andernach are situated in the Neuwied Basin. At the time of the resettlement of this area by Late Magdalenian groups it formed an open steppe biotope dominated by herds of large-game animals such as horse, reindeer, and bison and inhabited by the last surviving mammoth and woolly rhinoceros. (These and other species are even depicted on the engraved slate plaquettes from the two sites.] Pollen analysis has situated both sites at the end of a milder climatic oscillation with more forested conditions, interpreted as the Boiling interstadial (Leroi-Gourhan in Brunnacker 1978, Veil ig&i) . The animal remains recovered from Gönners-dorf and Andernach are numerous, reflecting the diversified fauna of the late-glacial steppe. The Gönnersdorf fauna-with a larger range of species than the Andernach Magdalenian level-includes horse (the dominant source of food at both sites), reindeer, Arctic fox [Alopex lagopus), Arctic hare \Lepus timidus), wolf, red fox, mammoth, woolly rhinoceros, bison (Bison sp.), chamois (Rupicapia rupicapia], saiga antelope (Saiga tatarica), elk, and red deer. In the small-mammal assemblage, steppe pika {Ochotona pusilla] and D. galielmi are present (Turner 1991) .
DISCUSSION
The data presented here provide clear evidence for the occupation of Northern Europe during fully interglacial periods beginning in the first half of the Middle Pleistocene. Certainly by the penultimate glaciation we see occupations of the cold loess steppes, while an earlier settlement of these is very probable. This should come as no surprise, given the richness of these environments, which supported a great diversity of large mammals (Guthrie 1990) . In the Late Pleistocene, where we have reasonably good control over the environmental and chronological setting of sites, we see occupations in all but the harshest glacial maxima. Furthermore, after the appearance of anatomically modern humans in Northern Europe there is a significant hiatus in occupation between roughly 20,000 and 13,000 years B.P. Even after a special symposium dedicated to the archaeological record of the last-glacial maximum and its aftermath (Soffer and Gamble 1990) , no convincing evidence for occupation of Northern Europe during this period is known.
The range of environments occupied by archaic Homo sapiens is clearly significantly broader than a number of workers have argued in recent years. While the evidence for occupation in very cold periods is striking, the interglacial sites presented here especially undermine important elements of Gamble's 11986*2,1987) model. We have already stressed the fact that one cannot treat the Pleistocene interglacials as climatic stages identical in every respect and that spatial as well as temporal variations did occur. This having been said, we have shown that archaeological sites were formed in various interglacial settings from the early Middle Pleistocene onwards. In some cases the combined floral and faunal evidence indicated occupation in a mixed-oak forest environment, for instance, at Kärlich, Clacton, Ehringsdorf, and Neumark-Nord. At Clacton and Kärlich, the presence of Abies suggests that the interglacial was of particularly oceanic character.
In Gamble's model, the Eemian settlement history of Northern Europe and especially that of England is compared with the Mesolithic settlement during the early Holocene. In the former period no occupation took place, while in the latter archaeological traces are abundant. This difference is interpreted as indicating a behavioural change, the advent of modern humans with the ability to cope with extreme environments, be they glacial or full interglacial. The data discussed in this paper show that this model must be modified to account for the presence of full interglacial Eemian sites in Northern Europe, but how significant are these sites for refuting it! Do they indicate that earlier hominids were able to live in these forested environments, or are they traces of unsuccessful attempts at doing so? Compared with the number of Mesolithic scatters, we do have very few Eemian sites, and most are from travertines and lakeshore situations at the southern edge of the German lowlands. However, such a direct comparison of the scatter of Eemian sites with the carpet of Mesolithic sites is probably unwarranted. The fibres of the Mesolithic carpet are different from those of the old Eemian rug. They consist in most cases of flint scatters, with no organic remains preserved, and often can only be classified as Holocene, as Mesolithic, because our typochronology allows us to assign an age to these scatters. Typochronology, however, does not work in the Middle and Lower Palaeolithic. There is no typical Eemian scraper or last-interglacial variant of the Levallois technique. It would be better to compare patterns based on sites identified as "Mesolithic" in the same way as one identifies "Eemian" sites-with stratigraphical and palaeoenvironmental arguments. To do so we would have to ignore most of the Mesolithic scatters, and what is left is sites in very specific riverbank or, especially, lakeshore environments, for instance, the lacustrine biotopes in the fresh post-glacial landscape of Denmark (see the maps in Andersen et al. 1990 ). If typochronology biases Eemian site density compared with that of the Mesolithic, differences in age also have a role in evaluating the number of sites. A complete glacial-interglacial cycle separates the two patterns. What would be left of the surface scatters and the few well-preserved buried sites after a I2o,ooo-year glacial-interglacial cycle? Furthermore, in addition to the primary-context sites described above there are more Eemian sites in the region discussed here, for instance, at Stuttgart-Untertürkheim (Adam, Reiff, and Wagner 1986) . Other candidates are one of the occupation layers in the cave of Sclayn, Belgium (Otte 1983; personal communication, 1991) , and a site recently discovered in fine-grained fluvial deposits at Saint-Sauveur, in the Somme River valley in northwestern France (Antoine T99o).
We conclude that Gamble's statement that the interglacial forests of Northern Europe "appear to be human deserts even though they were warm, well stocked larders" (Gamble 19860 :3691 is unwarranted. He may have been led to this opinion by the last-interglacial evidence from England, where well-documented Eemian sites are unknown (Wymer 1988) . That hominids were there in earlier interglacials is beyond any doubt, and this makes the explanation of the Eemian absence an interesting research topic. A look at Quaternary geological processes might be helpful in finding an explanation. According to West (1977) and Zagwijn (1989!, in the Eemian the sea level may have risen above its present height in the early temperate substage, much more quickly than in the Holocene. This early rise in sea level would have cut England off from the mainland and may explain the differences between the English and continental Eemian pollen diagrams (e.g., the apparent absence of Picea in England versus its commonness on the continent). In the Hoxnian the rise above present sea level was probably much later, and this may account for the similarity of vegetation in England and on the continent. Alternatively, in the Hoxnian there may have been a landbridge with the continent (West 1977) , the Straits of Dover having been fully cut out only in a subsequent glaciation. The apparent absence of human occupation in the Eemian in England and the human presence in Middle Pleistocene interglacials might also be explained along these lines.
That pre-modem hominids crossed the threshold of archaeological visibility indicates, in our opinion, that we are not dealing with short-term, opportunistic colonization of interglacial environments (cf. Gamble 1987) . fudging from the number of sites from interglacial as compared with "intermediate" settings, the Northern European interglacial forests seem to have presented no particular problems for colonization. From the Middle Pleistocene onwards, hominids were present in heavily forested conditions that some view as environments in which one had to plan ahead or die out (cf. Gamble 19860, 1987) , environments not very hospitable even for modem hunter-gatherers (cf. Bradley et al. 1989 ).
Both Gamble and Whallon assume the existence of an "Upper Palaeolithic package" that enabled humans to find a living in previously uninhabited regions. Whereas Gamble stresses differences in the archaeological signatures of Pleistocene interglacials and the Holocene in Northern Europe, Whallon considers what he calls marginal environments on a continental scale, focusing on Australia and Siberia. While the data from Northern Europe are clearly insufficient to test Whallon's model, they do suggest that his position may overstate the differences in the capabilities of archaic and modern hominids for occupying "inhospitable" environments. As we have said, in Northern Europe we see no obvious difference in the range of environments occupied by modern and pre-modern hominids. Following Hopkins et al. (1982) and Guthrie (1990) , we also question whether Siberia was a homogeneous, marginal region with low densities of essential resources. However, any real test of Whallon's model must be based on a careful consideration of the topics and the regions he addresses directly, and such a test falls outside the scope of this paper.
The aim of this paper is to test some thought-provoking and elegant models with a body of up-to-date information from a well-studied region. We do this to stimulate further discussion on the topics dealt with in these models, and we hope that the resulting discussion will lead to the formulation of new models as inspiring as the ones considered here.
If we are correct in our reconstruction of a gross similarity between the ranges of settlement of modern and pre-modern hominids in Northern Europe, one cannot use the environmental data from this region to posit the existence of major behavioural differences between archaic and modem humans. Of course we do not wish to deny the existence of differences in many aspects not discussed here, such as art, stone tools, site structures, and subsistence strategies. At the same time, however, it has become increasingly clear in recent years that it is unwarranted to assume a direct link between the behavioural changes documented around the Middle/Upper Palaeolithic transition in Europe and the anatomical changes around that time (cf. Mellars 1989, Gamble 1991) . Some workers have therefore emphasized the mosaic nature of cultural and biological evolution in the Pleistocene (e.g., Chase and Dibble 1990) .
Coping with a wide range of environments is another element that is not limited to the behavioural repertoire of anatomically modern humans, at least in the region discussed here. This behavioural trait, considered by some researchers as typical for a specific period and a specific biological form, once again calls into question the practice of thinking about the past in terms of rigidly fixed sets of chronologically ordered behavioural characteristics. This paper makes some very valuable points but reaches, I believe, an unsound conclusion. The main part examines Gamble's (19860) hypothesis that pre-anatomically modern European populations could not cope with either fully interglacial or fully glacial conditions. It shows convincingly that at least some of the pre-Upper Palaeolithic sites he considered were occupied in fully interglacial conditions and provides useful additional data from new sites such as Maastricht-Belvedere that were unavailable to him a few years ago. As the authors state, Gamble's argument is seriously flawed in that anatomically modern populations were not the first in Europe to cope with fully interglacial conditions. They also show that, in general, pre-modern and modem groups in Northern Europe coped with similar ranges of environmental conditions, except for glacial maxima. Their case would have been strengthened by including Pontnewydd, North Wales. Although the evidence from this site is not in a primary context, it was locally derived, and it shows that hominids were exploiting decidedly cold environments at ca. 200,000 years B.P. and considerably farther north than any other European Lower Palaeolithic site (Green icSr). Conversely, their case is not weakened by such Upper Palaeolithic sites as Paviland in South Wales and Hallines in northern France, if these are confirmed as dating to around the glacial maximum. Neither seems to have been an occupation site, and both could indicate seasonal, long-distance forays into periglacial areas for ivory (Dennell 1983 :1}!]. Roebroeks et al. make a very good point in comparing the small amount of archaeological data from the Eemian with the much greater amount for the Mesolithic: that the Mesolithic is readily identifiable typologically, whereas Eemian artefacts are not, and that we need to bear in mind the effect of a full glacial-interglacial cycle on the Eemian landscape of Northern Europe. As they succinctly state, "the fibres of the Mesolithic carpet are different from those of the old Eemian rug." They might have made their point better by assessing how many Mesolithic sites have the same kind of primary data and are from the same kind of sedimentological contexts as Eemian ones. One unexpected implication of their argument is that there may be Eemian (and earlier) sites in areas that were subsequently glaciated-for example, Ireland, Denmark, southern Sweden, or northern Britain. It is intriguing to speculate how much undiagnostic surface lithic material from before the last glaciation might have been classified as Mesolithic.
Whilst I accept their inference that pre-modern hominids coped with as wide a range of habitats in Northern Europe as later, anatomically modern ones, I disagree profoundly with their main conclusion. A "gross similarity between the ranges of settlement of modern and pre-modern hominids in Northern Europe" need not indicate behavioural similarity. It is not the range of habitats that matters so much as what people did in them. Instead of focusing on range of habitat or, for that matter, choice of prey or type of tools in isolation, one has to look at the ways societies were organised, and this means looking at several lines of evidence simultaneously and in interrelation. As I argued some years ago (Dennell 1983:79-102) , there are profound differences in the way in which European Palaeolithic societies operated before and after 30,000 years ago, and I agree with Whallon and Gamble about some kind of "Upper Palaeolithic package" that enabled hominids, amongst other things, to colonise areas previously vacant. However, assessments of behavioural change have to include consideration of more than gross similarities in habitat range. Environmental factors that need to be taken into account include seasonal range, year-to-year unpredictability, predator competition, and spatial scale. Behavioural considerations include how and what foods were obtained, processed, and distributed, how seasonal shortages and gluts were overcome, how humans coped in winter with short daylight hours and cold temperatures, how groups organised themselves, how mating and information networks were maintained, demographic factors, and so on. To argue that gross similarities in habitat range imply behavioural continuity between the Eemian and the Mesolithic is like arguing that hunting strategies remained unchanged between the Riss and the late glacial simply because both involved reindeer.
ROBERT C. DUNNEIL
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Archaeologists frequently talk about "arable land" as if they knew the edaphic requirements of plants long dead; the habitat preferences of equally long-dead animals are treated as matters of fact. Such characterizations are the foundations of still more elaborate social and cultural "inferences" that are regarded by many as archaeological "knowledge." In point of fact, rarely do those who talk about habitat preferences and arable land know anything about the biochemistry of ancient plants or what environmental factors effectively determined animal ranges. The bases of such inferences lie in unremarked analogies, analogies that depend upon an essentialist, typological view of reality. If the plant or animal belongs to the same species, then its behavior is the same. Nowhere is this tautological approach more pernicious than when the "kind" of hominid becomes the basis of behavioral reconstruction, a problem in archaeological inference recognized decades ago (e.g., Slotkin 1952) .
For a nonspecialist like me, the great strength of Roebroeks et al.'s paper lies in its quiet and effective demonstration that this analogic approach is not necessary. One can, as they do, carry out empirical studies to deter-mine what the habitat tolerances of hominids are at any particular time, just as one could do the biogeography of ancient plants or animals. Their realistic consideration of taphonomic issues, dating, and environmental data as well as the archaeological evidence is convincing. The happy result is that their conclusions are not entailed by their assumptions but tied to empirical knowledge. Those conclusions will change as we learn more about paleoenvironments, improve dating, and locate new materials, not because of shifting interpretive fads-a condition not apparently true of the alternative positions they criticize.
The authors do not treat their paper as a methodological paragon, and the lack of conscious structuring in these terms may account for the occasional lapse into the typological mode. These minor lapses, however, in no way impinge on their general conclusions.
CLIVE GAMBLE
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Three main issues are raised by this paper: [i) the significance of interglacials for understanding early hominid behaviour, (2) the environment "as the background against which social processes took place," and 13) the weighing of hominids in the scales of "humanity." Roebroeks et al. have provided a timely review of important new palaeoenvironmental and archaeological data from the Middle and Late Pleistocene of Northern Europe. Far from challenging my ecological approach to the archaeological assessment of modern humans, they have instead done us the service of reflning the data relevant to my model. Moreover, viewed ecologically, these new data suggest further questions for our understanding of variability in hominid behaviour prior to 40,000 B.p.
My model of changing regional settlement histories determined by environmental structure but increasingly dominated during the later Pleistocene by more complex social relations (Gamble 1983 (Gamble , 1984 stemmed from the question of how we "think primitive" (1987:95) when it comes to interpreting the earlier Palaeolithic. Do we use our imaginations (Gamble n.d. a] or strip away those aspects of an ethnographic model we feel are just unlikely or unsupported by archaeological findings (a technique used by Isaac (1978] in his earlier discussions of home bases and sharing)? My point in raising the question was the suspicion that Middle Pleistocene hominids might have been very differentthat they were not "ourselves" simply waiting for a Head Start program (Binford 1992:51 ) to realise their potential as moderns.
My solution was to treat the ecology of settlement and colonization as an integrated expression of a number of interlinked and fundamental behaviours-mobility, time budgeting, social networks, technology, and information processing. To get at those differences in early hominid behaviour I identified the limiting environmental factor facing small, mobile groups in Northern Europe as the availability of food in winter, especially if storage was not practiced. This limiting factor was relevant to all phases of an interglacial/glacial cycle in that area. In addition, when considering the archaeological evidence for settlement I was struck by the absence of occupation in what many regarded as an optimum habitat for the earlier Palaeolithic-the broadleaf forests of the last interglacial (substage se). Here a further limiting factor was the distribution of resources. These twin constraints-dearth and inaccessible plenty-were identified in the extremes of the last glacial/interglacial cycle (isotope stage 2 and substage 56). These were compared with the cycles of the Middle Pleistocene (Gamble 19860 fig. 3 .12], and it was emphasised, as others have pointed out (Roberts 1984 , Shackleton 1987 , for how little of this 7}o,ooo-year period conditions were comparable to substage 56, the io,ooo-year-long last interglacial-conditions for most of that time ranging from temperate (but not extreme interglacial) to cold steppic (but not equivalent to the last glacial maximum of stage 2).
Since we know most about the 5e interglacial (e.g., Woillard 1978), when I compare interglacials for their settlement records I ideally want to compare the climatic extremes as established isotopically by this substage. My analyses (1984, 19860) have attempted nothing more. Moreover, I recognize the present difficulties of dating human occupations to a comparable ro,oooyear spike within interglacial stages 9 and n, the only ones (apart from the present interglacial) with isotopic peaks comparable to se |Shackleton 1987). All I argued was that settlement by earlier hominids would meet the limiting factor of inaccessible plenty for about 8% of the Middle and Late Pleistocene (1987:83) . A glance at the isotope curve ( fig. 2} and its divisions (Gamble I986a:fig. 3.12) shows that interglacial stages 9 and 11 will eventually be subdivided as have stages 5 (Shackleton 1969) and 7 (Andrews 1983) . Most of the time covered by the Middle and Late Pleistocene will be confirmed, in my terms, as early glacial-temperate and open conditions (Gamble I986a:table 3.5). It is these broad environmental contexts we need to address rather than the old interglacial/forest bias for explaining early hominid occupation and culture (e.g., McBumey 1950) from which I was trying to escape. Therefore I couldn't agree more with Roebroeks et al.'s mosaic characterisation but believe they have missed the wood by concentrating on the trees-their own climatic bias. Just as the 10,000 years of our present interglacial have seen a complicated mosaic of environments, so too, we must assume, did those isotopic peaks in 56, 9, and n. Such a conclusion is hardly surprising when we recall that stage n lasted for 61,000 and stage 9 for 36,000 years while stage 5, including je, had a duration of 57,000 years. Therefore I agree that hominids lived in woodlands, but I reject the claim that I said or implied that they never lived in interglacial (sensu lato) forests. Let me make it clear: they never lived in those 8% forests.
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The reason for this is a route to an understanding of social processes which Roebroeks et al. are keen to tackle but do not pursue. The very fact that the Mesolithic abounds in type-fossils that can be assigned a relative age and area while the Middle Palaeolithic lacks these (Gamble 19860:148-49} suggests to me a change in the way lithics were used. But to infer a social process from a single category of data is to fall into the trap of presenting an irrefutable account of history; hence the settlement/colonization model which integrates the analysis of a variety of key behaviours listed above. One explanation for the absence of hominids in the older 8% of interglacials may have as much to do with their rates of re-colonization of northern areas following glacial maxima as with the specific resources (e.g., hippos) and their accessibility to hunting and foraging strategies. Therefore, the changes in social processes have to do with the ecology of range extension, itself a question of the evolutionary trajectory of a species, hominids included (Gamble n.d . b\.
To demonstrate the integrative power of my settlement/colonization model, I offer the following interpretation of the data Roebroeks et al. have so usefully assembled. In my table 11 have partitioned their two maps into four longitudinal transects, each 300 km wide. The distribution of sites in those transects highlights the concentration of prime last-interglacial sites in the east. In fact, interglacial (their definition) occupation sites are always rare in the west. This trend is apparently confirmed by a comparable eastward "migration" between the two periods of sites in "intermediate" environments. I would suggest from their small sample that significant human habitation in these northern areas during oceanic interglacials, such as 5, required at the very least the dampening effect of continentality, presumably to open up the forests and produce conditions for the biomass more comparable to those in the later intermediate environments of the west. Therefore, the absence of humans in last-interglacial England is no longer a special research question. If it is, we must also include France, Belgium, and western Germany (my transects 1-3), where the quality of last-interglacial sites What we seem to have here is a west-east shift in settlement in Northern Europe to escape the full effects of oceanic interglacials. It is worth remembering in this context that in the present interglacial the July isotherms are distributed zonally while in January they follow a meridional pattern. The o°C isotherm differentiates between today's oceanic and continental provinces (Lockwood I974: fig. 9 .2). It roughly follows the division between transects 3 and 4 in my table, which elsewhere represents the boundary between two regional analytical units, the North-West and the North-Central (Gamble I986a: fig. 3.1 ). This critical winter isotherm presumably oscillated east and west as the ocean volumes of the interglacials varied. I do not have space here to explore the possible implications of such shifts, which might have controlled the availability of frozen carcasses in local regions, foraging for which provided one possibility of surviving the winter without setting up artificial stores.
Even so, the extreme character of interglacial 56 may have provided a check to settlement in the east. While not wishing to claim undue accuracy for the U-series dates from the travertine quarries (Brunnacker et al. 1983) , I find it interesting that with one exception the range for these age estimates falls outside 56 and in 5a-5d, in the less oceanic, more open phases, as my limiting-factors model would predict (Burgtonna 101,000-111,000 B.P., Taubach iro.ooc-116,000 B.P., Ehringsdorf [upper travertine] 114,000 B.P., Weimar 115,000-151,000 B.P.).
The question of change, that element of social process, among earlier occupations in the Middle Pleistocene can also be profitably re-examined with my interpretation of Roebroeks et al.'s data. My table i shows an ability to cope with intermediate and cold steppic environments in the Late Pleistocene. This coincides with the extension of population onto the Russian and Ukrainian plains during the later Middle Palaeolithic (Soffer 1989) . Previously these had remained vacant during all climatic conditions not because of an absence of food but rather, as I have argued elsewhere (Stringer and Gamble 1992) , because they lacked the alliances to cope with a marked increase in seasonality and risk (see also Whallon 1989 ). These and other geographical expansions during the later Middle Palaeolithic represent a pioneer phase (ca. 60,000-40,000 B.P.) in human global colonization that is one of the most interesting processes of range extension during the Pleistocene (Gamble n.d. b}. I therefore cannot agree with Roebroeks et al. that all that is currently lacking is an adequate archaeology in Siberia or all that social process requires is enough time and, hey presto! the moderns will evolve and the world will be theirs. One of archaeology's great discoveries has been that world colonization was a punctuated process, largely completed in prehistory. Explaining the punctuation requires an investigation of social processes, not a recourse to gradualism to explain eventual outcomes. For example, they might have concentrated more upon I (Stiner 1991 , Kühn 1991 , Binford 1992 ? In effect, how do we account for such long-term, recursive behavioural patterns? 1 would phrase the problem as understanding the process of colonization and settlement through an ecological approach. This would serve to integrate the key behaviours, and how they varied, among hominids that probably had social premises very different to anything we know. The present interglacial broke the patterns that by and large had previously revolved with the climatic cycles, but the pattern had been fractured earlier, during the Late Pleistocene, with the spectacular bursts of colonization into Australia (Allen 1989) , the Pacific (Allen and Gosden 1991) , Siberia (Tseitlin 1979) , and the Americas (Pagan 1987) . The question which needs explaining is a very pertinent one for t992, 500 years after Columbus: Why were humans everywhere? Understanding the evolutionary ecology of range extension is a framework for a world prehistory whereby we can begin to leave behind us the stumps of outmoded models and theories.
PAUL GRAVES
New Rd., Littlehampton, West Sussex, England. 15 vi 92
Roebroeks and his colleagues have assembled an impressive and important set of data, and for this they are to be congratulated. I find little else particularly satisfying in this article, which is a bit of an anticlimax after Roebroeks's previous stimulating collaboration (Roebroeks, Kolen, and Rensink 1988) .
At the outset I should perhaps state that I belong to neither the multiregionalist nor the "replacementist" (if such a word exists | camp, as I hope my recent work (Graves 1991) indicates. I suspect that Roebroeks, at least, is of the multiregionalist persuasion and that this motivates the argument of this paper, particularly in its critique of Gamble (who at times appears to be the straw man of the piece).
I can agree that there is no "Upper Palaeolithic package" and that modern humans do not have a monopoly on inhabiting a "wide range of environments." But I cannot accept that there is no link between anatomical and behavioural change or that the environment is just "the background against which social processes took place." I notice that 1 have been lumped together with other perpetrators of ecological follies but do not resent this. Oddly, Roebroeks and his colleagues express a concern with social processes which they might have found paralleled in my own work. The difference is that ƒ don't see environments and anatomical change as irrelevant to social process.
The authors set out to test the evidence for differences in ecological "niche" between "archaic" and "modern" humans and find it wanting. It may well be that, in respect of Northern Europe, At the same time, I fully agree that Siberia was not a highly marginal environment during the last glacial. With the apparent retreat of the taiga forest and lower sea levels, Siberia and Beringia were probably rich in terms of secondary biomass. But it is then even more surprising that there is no real evidence of settlement north of the Amur River before about 10,000 B.P.
The comparison between the last interglacial and the Mesolithic leaves me puzzled. Granted that a lot of evidence from the Eemian (or whatever one chooses to call it) has been lost, this doesn't prove that it was like the Holocene. The Mesolithic led to the Neolithic, and most of the forest in North-West Europe has been cut down; evidence for increasing population density in Europe extends from the Upper Palaeolithic onwards {Mellars 1989, 1991) . Arguments on the basis of lack of evidence for earlier periods really don't stand up.
In the next-to-last paragraph of the paper we finally get an acknowledgement of differences in "art, stone tools, site structures, and subsistence strategies." Are we to believe that all of these changes took place without some change in the way in which humans appropriated their environment? If Roebroeks and his colleagues can't see any evidence of this in their data, perhaps they don't have the right data! What is a change in subsistence strategy if not a change in the way the environment is used? Or is this change in subsistence strategy conceived of as an entirely hermetic "social" process which takes place irrespective of the environmental "background"? I find this improbable.
The implication of this paper seems to be that the environment is irrelevant to the last 150,000 years of human evolution. I suspect that the subtext here is that indeed there bas been no evolution at all and that the "archaic natives" were just like modern humans. Whilst it seems perfectly reasonable to me that the environment is not the only determinant of human behaviour, it seems quite unreasonable to claim that it is not one of the determinants. Whilst I respect the authors' desire to stimulate discussion, I would have wished that they had developed and expressed their own hypotheses rather than simply applying a rather unconvincing test to the hypotheses of others. Kukla's (1977) review centering on Central and Eastern Europe. In addition, as they themselves note on occasion, some of what they present expands upon and revises the previous major review of European Middle Pleistocene chronology by Cook et al. 11982) . Further, they have assuaged a clearly endemic, if sometimes forgivable, ignorance of the facts concerning early Paleolithic settlement in Northern Europe. This they have accomplished merely by documenting the remarkable quantity of pertinent archaeological sites. These latter include both the new sites that are discussed and the several long-known sites whose interpretation and significance change as a result of on-going research projects. Were all of these purely empirical documentary exercises the sole contribution made by this article, the authors would nonetheless merit our appreciation. However, a closer reading of this article reveals it to be far more than simple reportage. In a refreshingly understated fashion, Roebroeks et al. call into question the way in which we approach the interpretation of the paleoanthropological record.
What Hammond (1988) , in his historical analysis of interpretive models in human paleontology, has called the "shadow man paradigm" can for present purposes be taken to signify the view that virtually all known paleontological or archaeological traces of an ancient hominid presence may be interpreted as representing "failed evolutionary experiments whose ... [features]... had doomed them to extinction without ancestry. The search then focus(es) on the quest for our true parents, lost somehow in the shadows of prehistory" (Hammond 1988:117) . The invention of the particular suite of biological and behavioral characteristics by which we ultimately will recognize our missing parents usually occurs according to a process described by Wobst (1989) . Very briefly, the minimal criteria of modernity (whether in biology or in behavior or in both) are defined, and a "cone of origination" is imagined. The base of this cone is set in the present, encompassing all "modern" moderns. A series of progressively more ancient time-slices produces continuously smaller samples of "things" (fossils, archaeological sites or assemblages, and so on) that meet the minimal membership criteria for modernity. The point of origin is where no further example of a "modern modern" can be identified, all else at that point thereby becoming "other" and essentially irrelevant to the understanding of "modernity."
It seems evident to me that the conjunction of this peculiar paradigm with such a theoretically vacuous methodology has created of late an irrepressible urge in paleoanthropology to institute ever more restrictive membership criteria for the "modernity club." The inescapable result of this urge is the construction of a very shallow origination cone and the genesis of an extremely elusive "shadow man." Paleoanthropology, to an extent not seen since the days when Piltdown reigned as the measure of modernity among fossils, finds itself in the process of disinheriting its ancestors. The analysis of human mitochondrial DNA data thus has led many routinely to judge as phylogenetically irrelevant to "modern" humans any pre-ioo,ooo-years-B.p. non-African hominid fossil (e.g., Wilson and Cann 1991) . Similarly, numerical cladistic analyses (e.g., Stringer 1989) serve to reduce the wealth of the hominid fossil sample to a welter of dead-end "poor relations" accompanied by a very small set of fairly recent and at least "plausible" ancestral exemplars. On the behavioral plane, after several decades of "putting a human face" on our fossil antecedents, we are now reversing that tendency. Among the many manifestations of this syndrome we find ( i ] that Homo habilis has been "demoted" to the status of an occasionally successful scavenger (e.g., Shipman 1984), (2) that H. erectus didn't really make either hearth or home (e.g., Binford and Ho 1985) , and (3) that Neanderthals, having at least gained the ability to hunt smallto-medium-sized game (e.g., Binford 1985) , remained maladaptively slow talkers and/or listeners (e.g., Lieberman 1991!.
While these and similar efforts seek to "dehumanize" our pre-Upper Paleolithic predecessors, the arguments of Gamble (1986) and Whallon (1989) , by "superhumanizing" some later Upper Pleistocene populations, are a reciprocal facies of the same revisionist urge. For example, because "modem" adaptive capacities are defined as being essential to the effective exploitation of dense forests and cold steppes, the "pre-modem" effective exploitation of these zones can be safely ignored as a logical impossibility. Fortunately, Roebroeks et al. have presented us with data exposing the error of such reasoning. Further, the data, although clearly not as copious as the authors would have liked, are adequate to this task. Much as Marshack (^90:488) has argued with regard to the Middle and early Upper Pleistocene evidence for hominid symbol manipulation, the statistical rarity of the evidence is of far less significance than the mere presence of any evidence at all. Viewed on this level, then, the documentation of the hominid (human?) presence in Middle and Upper Pleistocene Northern Europe takes on added importance. At the absolute least, it forces a confrontation with our choice of criteria for modernity and thus with our image of the shadowy ancestor perched at the tip of our origin cone. Even more, by showing that hominids seem to have been doing quite adequately where our best models assured us they should not even be, it ought to force us to confront the very manner in which we have chosen to construct these models.
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This paper is important because it presents ideas and data known in Europe but poorly diffused worldwide. In general, anthropological theories about early human abilities come mostly from the New World and are based on old-fashioned documentation and interpretation (and also limited to the literature on the southwest of France). The conception followed here is much broader, more critically examined, and better understood. Roebroeks et al. do not hesitate to confront the most rigid preconceptions of the late "New Archaeology." Current data on Pleistocene archaeology are difficult to obtain outside Europe because this requires knowledge of various languages and because the data have been gathered by researchers of very different, sometimes opposing schools divided by sharp political boundaries. These difficulties must first be discerned from inside, as has been done here, before the data can be used in a general theory.
On the whole, I agree with the general ideas developed in this paper. From my point of view, and judging from my own experience, there are no clear-cut differences between Middle Palaeolithic and Upper Palaeolithic behavioral abilities. I would go farther to say that physiologically Upper Palaeolithic humans were no more "modern" than their predecessors in Europe; the differences appear to be of racial rather than specific grade. This means that only differences in the kind (not the stage) of technology reflect the distinction between the two periods. In other words, again, this is no longer a question of anthropology (conceived as a biological science) but already a question of history, with movements of people and ideas within a single species.
I only regret the absence of some important sites, particularly from Britain (High Lodge), Poland (Zwollen), and Russia (Molodova). Also, there might have been more attention to technologies (the wood component is crucial) and to language. Both points are crucial to this debate in that they justify and reinforce the abandonment of the "abilities theory" now in vogue. But of course these matters will be discussed in forthcoming papers. Roebroeks, Conard, and van Kolfschoten have contributed an interesting review and made some important points. They also show how the continuing uncertainties about matters of basic importance (such as chronology) still inhibit our search for a clear understanding of the earlier Palaeolithic settlement of Northern Europe. Their paper offers many fringe benefits: for example, they very usefully summarise and assess many European sites of outstanding quality where recent work has been carried out and définitive accounts have sometimes not yet appeared in print. They provide abundant evidence to make their case that the anatomically pre-modern North Europeans could operate in many different environments, ranging from the periglacial to the fully interglacial.
We are fortunate to have so many different lines of fauna! and botanical evidence on which to base conclusions about climate and environment at such sites. Pollen spectra by themselves can give misleading results: it is easy to overlook the different mechanisms and rates of progress involved in the "colonisation" or "occupation" of an area by animals, birds, insects, and humans, on the one hand, and trees and plants, on the other. The actual nature and productivity of the "mammoth steppe" is important, too, when one considers the huge weight of food required daily to sustain a single adult mammoth, let alone large herds.
I myself particularly welcome the authors' comments about "high-sea-Ievel" and "low-sea-level" interglacials, agreeing entirely that understanding of these could greatly assist our perception of the earlier Palaeolithic of Britain. It has never been clearly established just when Britain was a peninsula of northwestern Europe and when it was a group of islands during the Pleistocene. When every allowance is made for the shortcomings of evidence derived from lithic typology and technology (and some make greater allowances than others], there are still, for example, important differences between the Acheulian industries of southeastern England and northem France which I am not in the least ashamed to find surprising if the two regions really were in uninterrupted physical contact throughout the Middle Pleistocene.
In Britain we are still far from knowing how many different interglacials are represented in the existing body of field evidence and which they are; researchers generally remain reluctant to assign oxygen-isotope stage numbers to British Lower Palaeolithic or Pleistocene sites. Thus the classic sequence at Barnfield Pit, Swanscombe, may well incorporate two or three separate cycles, or fragments of them: Lower Gravels and Lower Loam, Middle Gravels, Upper Loam. How much time is really represented there? Other important British sites, not mentioned in this article, include High Lodge, Suffolk, where artefact-bearing horizons were dramatically disturbed by glacial action presumably representing the peak of our Anglian glaciation (Cook and Ashton 1991) : High Lodge is presumably at least as old as Boxgrove. Pontnewydd Cave, North Wales, is as remote as any European Lower Palaeolithic site; it has artefacts and hominid remains, admittedly not in primary context but with reasonable evidence for a stage 7 date and interesting use of local rocks to manufacture handaxes and Levallois flakes (Green 1984) . I do not want to place undue emphasis on Britain, but, given that Britain marks the northwestern limit of Lower Palaeolithic penetration and is a receiving rather than a source area for human movement, any discoveries there, especially dated ones, must have implications for regions to the south and east. The same is true of course in the Upper Palaeolithic, with which the authors are also concerned, but we usually view it the other way round, explaining the British sites in terms of the Continental ones.
In their summaries of the important North European sites, the authors have deliberately not considered in any detail the artefact assemblages, which is perfectly fair, given their stated theme. Another paper, however, might one day fill that gap for these same sites, perhaps when we are able to divide the time-scale into more units than simply "stage 7" and "pre-stage 7." It will surely be worth allowing the toolkits and any direct evidence for tool functions to cast their own light on just how the people were exploiting local resources in the widely differing geographical, climatic, and environmental situations-both as time passed during the vastness of the Lower Palaeolithic and also at any single point along that time-scale, whenever demonstrably contemporary sites in different regions of Northern Europe are available for comparison. In expressing this hope I am not yearning for what Roebroeks et al. refer to with proper dismissiveness as "typochronology": it just seems to me that the artefact assemblages form an essential aspect of any study of the range and capabilities of these "pre-modern" humans. It can only enrich any comparison of their behaviour with that of their earlymodern counterparts of late Pleistocene and earliest Holocene age. Once, study of the toolkits would have been the starting point and maybe also the finishing point in any overview of the North European Palaeolithic. Such has been the progress in Quaternary studies, including prehistoric archaeology, that now we can happily wait until the gathering of other knowledge makes such a task worthwhile.
riRi SVOBODA Institute of Archaeology, Czechoslovak Academy of Sciences, Kolisté 17/19, 66203 Brno, Czechoslovakia. ID v 92 This is a valuable review of settlement history in the context of a changing Pleistocene environment in a particular region. We may imagine what a cold-steppe hunter living somewhere in France, with his range limited by the Fennoscandinavian ice sheet to the north, would have called "Northern Europe" even if this term does not really correspond to the current geographic division of the continent. This paper shows that there is no basic difference between archaic and modern humans in their capacity for survival in risky environments. In the loess sections north of the Alps (or "Central Europe"!, finds dated to the earlier Middle Pleistocene are from soils rather than from pure loess; thus, the first occupations seem to have taken place around warmer oscillations (including the end of the loess deposition which created the substrate I for interglacial pedogenesis). The first evidence of human presence in a glacial climate occurs in the early Saalian. The list of sites from the Northwest presented in this article also shows that the earliest settlements are in temperate environments, although the authors suggest environmental diversity from the beginning. Thus, it turns out that the basic adaptation to the colder climates of northern latitudes had heen achieved by the Middle Pleistocene hominids, but it is possible that this process was gradual.
Another question concerns human adaptation to very extreme climates. An important point made by this article is that not even the wooded environments of interglacial maxima posed a real barrier to early occupation. It may be added that the Eemian travertine sites with important paleobotanical evidence continue in a sort of belt from Germany into the Carpathian Basin (Ganovce [Vloek 1969 ], Tata |Vértés et al. 1964 , and others) and that culturally comparable sites appear in interglacial cave sediments and soils in Moravia [Kulna and Predmostî) For the glacial maxima, evidence of occupation in areas adjacent to the ice sheet is scarce for both archaic and modem humans. The evidence from northern and central Europe clearly shows how the last-glacial maximum caused a retreat of the presumably wellorganized modern sapiens population from the critical areas (Soffer and Gamble 1990) .
Regional reviews based on all sites instead of just the most important ones would suggest an increase in site density around the Middle/Upper Paleolithic boundary in various parts of Europe. One of the explanations for this is the growth of the modern human population, which in uninhabited parts of the world would have presented itself as territorial expansion.
This article is stimulating with regard to several further aspects of human adaptation, although they lie beyond its scope. I believe that means of artificial protection in cold environments should be included in the analysis of adaptational processes. The dwellings of the earlier Middle Pleistocene, as far as we are able to reconstruct them, have their hearths outside, in their entry area (Pfezletice and Bilzingsleben), while later and throughout the following last glaciation the hearth is in the center of the presumed hut (Beöov, stage 7). Another question is the extent to which stone tools-as the most abundant archaeological source-may reflect adaptation to radically different environments. In the area north of the Alps, the so-called small-dimensional industries always appear in interglacials (Bilzingsleben and Vértés-szöllös for the Middle Pleistocene and Taubach, Weimar, Ganovce, Onderej, and Tata for the Upper Pleistocene]. Researchers have suggested various explanations, ranging from the cultural/stylistic to the adaptive. Later in the Upper Paleolithic, relationships between the lithics and environment are less visible, and multivariate data analysis by Dolukhanov, Koztowski, and Koztowski 11980) has shown how difficult it is to correlate typological data and environmental factors directly. It has been well known since Commont's work at the beginning of this century that the loessic environments in which many traces of human occupation have been found do not necessarily reflect very cold conditions. In fact, in the loessic sequences chipped flints, when they are not found in secondary context in gravel beds, are often deposited in light humiferous layers or in gleified soils that testify to climatic amelioration of the "interstadial" type in a full-glacial context. At the same time, in most instances we have no clues as to the season in which the site was occupied, and we must not underestimate the possibility of seasonal migration over long distances, especially during the recent phase of the Middle Palaeolithic (the last glacial).
It must be kept in mind, however, that the richest deposits, corresponding to the most extensive occupations or to multiple visits fairly close in time, are mostly situated in an early-glacial context, whether involving fine fluviatile sediments (as in the terraces of Northern Europe-Cagny, Biache, and others) or colluvial alluviums (Riencourt-les Bapaumes, Seclin, and others). It would thus appear that the climatic context of the majority of human occupations is indeed of this earlyglacial type. Taking into account preservation conditions and the relative brevity of the interglacials sensu stricto, it is still reasonable to suggest that the wooded-steppe landscapes characteristic of early-glacial phases in Northern Europe and favorable to the expansion of the herds of large herbivores whose bones are found in large numbers in archaeological deposits did indeed constitute the most propitious environment for the Neanderthals' way of life. They do not seem to have occupied northwestern Europe in a continuous way. Roebroeks, Conard, and van Kolfschoten address the argument that there were differences in ecological tolerance between premodern and modern humans by indicating that a range of environments was exploited by both and therefore differences in ecological tolerance have not been empirically demonstrated. They go about their task in a logical manner, indicating their assumptions, the limitations of the data, and so forth. Their objective appears to be a critique of Gamble and Whallon for "ecologically" based models which, according to them, "lack sufficient empirical support." I would have been happier with this article, which overall is very good, if the authors had constructed it not as criticism but more as a test of one or both of these models. (In fact, in the end, Whallon's model does not get much attention.) As a critique of ecologically based models, their own "broad-brush" approach to the Palaeolithic environment does not appear adequate for their argument, which is based on reconstructing the local ecologies of single sites. Perhaps we shall not be able to go much beyond such broad-brush approaches for the Palaeolithic, but at the same time we need to acknowledge their limitations.
Roebroeks et al. claim that their approach is not environmental determinist, but it fits that description in that the discussion of the sites in question does not include nonenvironmental factors. Before dismissing Gamble's model entirely, I would like to know more about these sites-especially Boxgrove, Miesenheim I, and Kärlich-including the nature of the association between lithic tools and faunal remains.
Although they have demonstrated the presence of premodern humans during interglacials, Roebroeks et al. have not really proven that these humans were able to tolerate the ecological conditions posed by the Pleistocene-"tolerate" suggests "survive," which they did not, in spite of the fact that they "passed the threshold of archaeological visibility." They themselves sense this dilemma when they ask whether these Herman and earlier interglacial sites indicate that earlier hominids were able to live in these forested environments or are simply traces of unsuccessful attempts. However, this question is not really answered but merely skirted by alluding to the different nature of tool typologies and different degree of site survival between sites from the Eemian and those from the early Holocene. hi this connection, the decision to dismiss tool typologies as something that archaeologists construct to organize sites and chronologies ignores the role that technology played during the Palaeolithic. The fact that "typochronology .. . does not work in the Middle and Lower Palaeolithic" cannot be divorced from an understanding of the behavioral differences of the archaic and modern humans. This is a matter not solely of lithic analyses but also of the real differences in Palaeolithic assemblages through time.
In sum, although the authors have managed to show "a gross similarity between the ranges of settlement of modern and pre-modem hominids in Northern Europe," it does not necessarily follow that one "cannot use the environmental data from this region to posit the existence of major behavioural differences between archaic and modern humans." It means that environmental data alone are insufficient for such arguments. The essence of Gamble's and Whallon's ecological approaches to the settlement of higher latitudes by early humans is that the effect of the alternating cold/warm ck'matic cycles of the Pleistocene upon the nature, distribution, and availability of the flora and fauna is more marked in higher than in lower latitudes. Furthermore, during the more extreme periods of cold and warmth, key natural resources are only seasonally available and come in awkward packages for successful exploitation. These facts pose problems for populations of early humans attempting to colonise and settle permanently in higher latitudes during the Middle and Upper Pleistocene. Certain difficult environments, such as the fully deciduous oak forests of the interglacial climaxes or the subpolar steppes of the glacial climaxes, are only successfully colonised by human groups that have solved these problems by some means, whether cognitive, social, or technological. Gamble sees northwestern European interglacial climax woodland as presenting problems for colonisation which were not solved until the Holocene and the subpolar steppes of northwestern Europe during the final part of the Upper Pleistocene as presenting problems which were only solved by a marked intensification of alliances and support networks reflected in the more complex material culture of the Upper Palaeolithic.
Roebroeks et al. present data which suggest that, ever since the earliest occupation of northern and western Europe at approximately 500,000 B.P., a wide variety of environments associated with all stages of the glacial/ interglacial cycle have been successfully inhabited. Contrary to the conclusions of Gamble, there are several instances of human occupation in fully temperate woodland environments, both in stage 5 and earlier, for instance, at the sites of Lehringen, Boxgrove, and Mie-senheim i. Roebroeks et al. argue Three main points arise from their paper. First, it is necessary to acknowledge the contribution of Bordes and Thibault (1977] and, more recently, Gamble and Whallon in providing a framework within which the traditional empirical data of the chronology and environmental context of Palaeolithic sites become relevant to "big issues" such as the ability to plan ahead or to maintain a body of cultural knowledge.
Secondly, Roebroeks et al.'s conclusions underplay the implications of their data. If one accepts Gamble's (1987:86) premise that survival in a fully interglacial woodland environment required "complex planning based on accurate and detailed information" and "intricate and minutely planned decisions that had to balance limited time and labor budgets," then the presence of such capabilities in the earliest inhabitants of northwestern Europe is strikingly relevant to the debate on differences in mental/conceptual capabilities between moderns and archaics (Mellars and Stringer 1989 , Trinkaus 1989 , Mellars 1990 . hi this debate the material cultural or inferred behavioural differences correlating with the replacement in northwestern Europe of archaic Neanderthals by modems between 35,000 B.P. and 30,000 B.P. are often considered as representing higher orders of mental/conceptual/symbolic capability in modems. Providing one accepts Gamble's premises on the difficulties of such environments, the success of archaics in colonising northern latitudes in the full interglacials of the Middle Pleistocene reflects similar planning and organisational capabilities to those of moderns regardless of the contrasts recognised in material culture and inferred behaviour. Furthermore, Roebroeks et al. have demonstrated not only the presence of archaics in a single type of (possibly difficult) environmental context but also the wide range of environmental contexts within which archaics lived. The significance of this flexibility is also underplayed. Whatever the difficulties of adapting to a single environmental context, the fact that archaics continued to flourish in all climatic conditions argues for a resourcefulness in managing and organising themselves in the face of occasionally quite dramatic environmental changes that is incompatible with the lack of planning and tactical depth often attributed to them (e.g., Binford 1989) . Admittedly, the punctuated and climate-dependent nature of geological deposition and hence site preservation means that the continuity of early human existence in particular areas through periods of environmental change remains slightly speculative.
The third point I want to raise is that, with regard to the mystery of why Britain is apparently unoccupied during the faunal and floral bonanza of stage 5, neither Roebroeks et al. nor Gamble fully acknowledge the possible significance of a sampling bias imposed on in situ Pleistocene artefactual sites by the restricted availability or occurrence of sites with suitable depositional regimes. In the following discussion I take no account of the potential for dispute over whether sites are in substage 53, c, or e. The relevant issue is whether sites are associated with a fully interglacial environment, whichever part of stage 5 they come from. In practice, the British sites with a hippopotamus fauna which are taken to characterise stage 5 (Currant 1989 ) almost certainly relate to substage se.
The spatial and chronological distribution of British interglacial Palaeolithic sites could be reflecting the occurrence of aggrading but periodically exposed land surfaces in the Pleistocene as much as human presence. The in situ interglacial sites mentioned by Roebroeks et al., such as Boxgrove, Hoxne, Swanscombe, and Clacton, consist of flint artefacts knapped onto temporarily exposed land surfaces within a fluvial or estuarine aggradational regime. At sites roughly contemporary with these where the deposits still preserved accumulated within a continuously wet environment, such as Sugworth (Shotton et al. 1980] , Marks Tey (Turner 1970) , Nechells (Shotton and Osborne 1965!, and Bariord (Phillips 1976] , there is no artefactual evidence included in the sedimentary sequence. Most British stage 5 sites are fluvial aggradational sequences (e.g., Trafalgar Square, Barrington, and Cudmore Grove Restaurant Site (Stuart 1982 , Bridgland et al. 1989 ]) laid down in continuously saturated conditions or in caves (e.g., Joint Mitnor and Victoria [Sutcliffe 1960, Gascoyne, Currant, and Lord 1981)] which are not inhabited till later in the Upper Pleistocene throughout Europe.
The apparent absence of human activity in stage 5 in Britain is argued to be due to the fact that a wide enough sample of suitable geological deposits (i.e., aggrading water-lain sequences with periodically exposed dry surfaces congenial to human activity] to pick up the (always scarce] evidence of human presence has not been examined. The uniqueness of stage 5 in this respect is considered to be attributable to at least three possible factors. First, the particular physical geography and climate of Britain in stage 5 might have combined to produce fewer conveniently accessible locations in which sedimentary sequences with periodically exposed land surfaces were aggrading. Although glacial/interglacial cycles follow broadly similar patterns climatically, this is not necessarily mirrored by similar sequences of terrestrial deposition. Geographical factors such as surface topography and drift geology which affect depositional regimes are constantly changing because of the cumulative effect of previous glacial/interglacial cycles. As the British landscape developed through the Pleistocene, similar climatic regimes could have led to differing depositional regimes. Secondly, the climatic changes which followed stage 5 or occurred within its later part might have acted to destroy the artefact-bearing parts of stage 5 sedimentary sequences. And finally, if such deposits were formed, they might currently be in geographical or geo-logical situations which are relatively inaccessible in the present-day landscape, such as beneath the modern Thames estuary.
In conclusion, Roebroeks et al. have produced a timely summary of both new work and old which picks out the data from this body of research relevant to a particular, ecological, approach to the investigation of early human behaviour. The value of the paper, besides its own conclusions, is in signposting directions for future research. On the theoretical side, a more detailed critique of the nuts and bolts of ecological reconstructions of past environments and their implications for human survival strategies is evidently required. On the practical side, Roebroeks et al. have highlighted a theoretical perspective on the Pleistocene which requires solid, empirical data on the chronology and environmental context of Pleistocene occupation in northwestern Europe. This paper serves to justify and stimulate further field research to augment and refine an extremely limited base of such data.
j. T. WYMER
The Vines, The Street, Créât Cressingham, Thetfoid, Norfolk jP2j 6NL, England. 15 v 91 This paper concludes that a much wider range of environments was exploited by the Palaeolithic occupants of Northern Europe during the Middle Pleistocene than is generally acknowledged. This is convincingly demonstrated by the detailed summaries of selected sites where the archaeological material can be confidently related to the contemporary climate and landscape. Sites occurring between what are probably stages 56 and 13 of the oxygen-isotope temperature scale indicate occupation in anything between full interglacial and very cold conditions, with no apparent preference for any one type of habitat. As stated, this is in contrast to the conclusions of Gamble, in particular, who not only sees a difference in ecological tolerance between archaic and modern humans but considers the environment a dominant factor in the choice of settlement, causing people to avoid full-interglacial or very cold ones. I shall restrict my comments to sites in Britain where, similarly, occupation and environment can be related with confidence, that is, mainly primary-context sites. There are some differences to those on the continent, but in my opinion this is most likely because of geographical insularity rather than human choice.
Occupation during fully interglacial periods occurs at Westbury-sub-Mendip, High Lodge (albeit in a secondary position), Boxgrove, Harkstead, Stutton, Ipswich, Clacton-on-Sea, and the earliest phase at Swanscombe. Only Boxgrove has an Acheulian industry; the remainder have non-handaxe industries. Westbury and High Lodge are considered pre-Anglian |= Elster], as is Boxgrove. Harkstead, Stutton, and Ipswich, all in East Anglia, are almost certainly of the interglacial between the Hoxnian and the Ipswichian (in the British terminology), probably stage 7. The deposits in question contain small numbers of artifacts occasionally produced by the Levallois technique and no handaxes. The Clactonian non-handaxe industries at the type site and in the Lower Gravel and Lower Loam at Swanscombe are post-Anglian but if amino-acid dating is accepted may predate the actual interglacial of the Hoxnian stage.
The two most famous Acheulian sites in Britain, Hoxne and Swanscombe, both occur during the latter stages of interglacials (not necessarily the same one} on the basis of pollen and molluscan evidence. This implies a cooler climate and a more open landscape.
Many other sites must be ignored because they are equivocal. Unfortunately, the same must be said of the vast proportion of the Lower Palaeolithic artifacts found within river gravels in Britain. It is now generally accepted that the terrace-gravel deposits of the major rivers in lowland Britain were produced by braided streams during the non-extreme periods of glacial stages. It is impossible to be certain whether the artifacts found in them were scoured off adjacent interglacial land surfaces or represent occupations on the ever-changing gravel banks of the braided cut-and-fill river channels. The probability is that both are true, and this applies to the mammalian fauna found with them.
What is known in Britain does not contradict the findings on the continent except in one respect: the scant archaeological evidence from the apparent stage 7 interglacial and the total absence of such evidence from the Ipswichian interglacial (sensu stricto: Bobbitshole, Trafalgar Square, and Barrington, all with Hippopotamus}. The most puzzling aspect is that, given that people were certainly present during the earlier episode, no major sites have been found. Were they all destroyed by the climatic events of stage 6, or do they await discovery?
There is much to recommend Gamble's hypothesis: archaic humans coming from tropical climates would at first have adapted only to interglacials, and, once they had, they would have avoided the densely forested landscapes of full interglacials and would have had no choice but to find some other place during glacial extremes. As he and others have pointed out, however, glacial and interglacial extremes are not the norm. The open landscapes of early and late interglacial zones would have facilitated hunting and movement, and undoubtedly human ingenuity soon produced clothes, fire, and shelter to combat the cold and wet. At the same time, although it would be satisfying to consider Westbury, Boxgrove, and High Lodge consistent with the cautious change of environments by ex-tropical migrants, the pattern of fully interglacial occupation seems to persist, and it would seem reasonable to conclude with Roebroeks et al. that responses to environmental factors may be exaggerated. Human behaviour is not necessarily dictated by instinctive responses to difficulties or by applied logic. Even given the simple economies of the Palaeolithic and the scantiness of the evidence, variety is to be seen. If traditional life-styles and activities could be adapted with the least effort to existing circumstances, then they were so adapted. Can any distinction be seen in the environments chosen by people using handaxes as opposed to those who did not? All that can be said on the slender evidence so far available and recorded so clearly in this paper is that no Acheulian industries are known from fully interglacial sites after the Anglian ( = Elster| glaciation. Also, the only industries that can be related to the full interglacial of the Hoxnian stage are Clactonian. This may mean something. Further discoveries may contradict it.
The high sea level of the Eemian, coupled with the widening of the English Channel, probably explains the lack of occupation during the British Ipswichian stage.
Reply WIL ROEBROEKS, NICHOLAS CONARD, AND THIIS VAN KOLFSCHOTEN
Leiden, The Netherlands. 3 vit 92
Although science thrives on disagreement, we are, at least for the moment, pleased to see that the comments on our paper are on the whole favourable. Most of the negative remarks, moreover, are not at all related to points we wanted to make but seem to be the result of commentators' having read or, rather, "written" their own concerns and preconceptions into our text. We thank all of the commentators for taking the time to respond to our paper, for raising questions that fall outside its scope, and for mentioning ideas and additional evidence that strengthen our case. In the space available it is of course impossible to discuss all the interesting points they have made. Before briefly considering some of them, a note on a few examples of misreading of our text is in order.
Graves provides us the most extreme example when he states that we think that the environment has been "irrelevant to the last 150,000 years of human evolution" and that our paper carries "the subtext . . . that indeed there has been no evolution at all." We have no problem with Dennell's profound disagreement with the conclusions he attributes to us. We certainly agree with his statement that one cannot conclude that Pleistocene hominids behaved similarly simply because they lived in broadly similar environments. Our point-stated very clearly even in the abstract-is that claims for major differences in the ecology of settlement between modern and pre-modern hominids are not borne out by the archaeological and geological record of the area under consideration. In other words, we have been trying to establish where the differences between archaics and moderns lie. Here we start from the same position as Gamble [and Binford) : that "Middle Pleistocene hominids might have been very different-that they were not 'ourselves' simply waiting for a Head Start program." While we readily acknowledge that there are differences in adaptations between modern and pre-modern hominids, we are not willing to assume automatically that we can see clear differences in all aspects of those adaptations.
We disagree with Voytek's characterization of our approach as "environmental determinist" simply for addressing the environmental background of Palaeolithic settlement. We reject the idea that earlier hominids were very limited in their environmental tolerance and try to make our point with environmental data. This does not, however, mean that we interpret human behaviour solely in terms of the environment. In stark contrast to Voytek, Graves accuses us of seeing social processes as "entirely hermetic," whereas we said only that the environment cannot be the primary determinant of human behaviour because social organizational frameworks guide the perception of and response to environmental phenomena |cf. Conkey 1987) . Gamble, finally, ascribes to us a keenness to tackle social processes, and, while we wonder where he finds that in our paper, we readily acknowledge that Palaeolithic archaeology would benefit considerably from paying systematic attention to the development of more "social" approaches to the Pleistocene past-e.g., in the vein of those of Bender (1978 Bender ( , 1989 , Conkey (1984 Conkey ( , 1985 , and Gilman (1984) .
The majority of the commentators take the paper in the spirit in which it is intended and introduce new ideas and new evidence into the discussion. We are very pleased to see Gamble using our data to refine his model, but we wholeheartedly disagree with his line of reasoning and his conclusions. Before treating some of the main topics of his comment, we have to repeat what is clearly stated in the text: when we use the term "interglacial" we are always referring to what he calls the "8% interglacials." Furthermore, we have assigned sites to these by the presence of floral and/or faunal indicators of full interglacial conditions-pollen, macro-botanical remains, vertebrates, and invertebrates-and wonder what evidence Gamble would need to accept a site as pre-Holocene interglacial. We are indeed referring to situations comparable to the mixed-oak forest conditions of the last interglacial sensu stricto, stage 56 of the oxygen-isotope record. Gamble continues to see no occupation in these environments: hominids "never lived in those 8% forests." This is exactly what we denied and keep denying, despite his comments, in which he neglects to deal with some of the main points made in our paper. For instance, his division of our working area into four transects and his subsequent interpretation of these transects on the basis of present climatic patterns treats these as very static, whereas we have stressed the fact that the climate of the Eemian and "the" Holsteinian was far more oceanic than today's (cf. Zagwijn 1989). This has been inferred, for example, from the distribution patterns of Atlantic species such as Hedera and Ilex, whose eastern limit of distribution was then somewhere in western Russia, more than 1,000 km east of their present easternmost extension [cf. Zagwijn 1989 [cf. Zagwijn , 1991 Kreeb I98j:fig. s6B| . The sites in Gamble's transect 4 occurred in regions with Atlantic vegetation types in both interglacials. Following his line of reasoning, the archaic« very probably had to walk hundreds of kilometres farther eastward to shovel their share of frozen carcasses. We are also puzzled by his remark that in transect 4 continentality would have opened up the forests. Without the recent human interference with the landscape, the area of study would be covered with immense, virtually continuous broad-leaved forests, where differences in density would have been influenced mainly by non-climatic factors such as the local substrate (Kreeb 1983) .
Another argument Gamble tends to ignore is our EemMesolithic comparison-a very good point according to Dennell but at the same time puzzling to Graves. Our position is based on both taphonomic arguments and sampling biases (see also Wenban-Smith's comment, which supports our easel, and although of course we fully acknowledge-with Voytek-the importance of the fact that typology works in the Mesolithic, that was not our principal concern here. The majority of the Eemian sites are preserved in travertines and in glacial icecarved depressions that are present and exposed in the eastern part of the area but not in the western. In approximately 90% of the Netherlands, for example, the base of the Quaternary deposits is 100-500 m below sealevel, and accordingly Middle and Late Pleistocene deposits are too deep below the present surface to be accessible for archaeological research |cf. Zagwijn and Doppelt 1978) .
Furthermore, we cannot but wonder about the meaning of Gamble's table 2. Is he suggesting here that highsea-level interglacials saw different technologies than low-sea-level ones? To push his argument a little farther, would he not, given the reasoning behind his interpretation of table i, expect to see an east-west gradient in technology? It is very difficult to make a handaxe out of the small pebbles available at Bilzingsleben, but the material from that site does occasionally contain nice scrapers when the appropriate blanks are available. The artefactual nature of the Bilzingsleben and Kärlich wooden implements is another matter of debate.
To sum up our short reply to Gamble, we think we have presented good evidence that pre-modern people did live in the "8% forests," with all the implications of this that Wenban-Smith stresses for our views on their behavioural capacities. In this context, Voytek's question about distinguishing between "failed" and "successful" settlement of a region becomes interesting. We feel-as do most commentators-that the number of sites we have for most of the environmental settings of the Middle and the first half of the Late Pleistocene is sufficient to indicate successful settlement. It seems highly unlikely that archaeologists would repeatedly stumble upon the ephemeral occupations of maladaptive settlement systems in these early periods.
We agree with Tuffreau that the evidence from northern France seems to indicate a "preference" for earlyglacial environments. Seen on a larger geographical scale (see Gamble's table i) , the number of primary-context interglacial sites is surprisingly high, especially in the light of the brief duration of interglacials on the Pleistocene time scale (the 8% approach]. Together with the evidence for cold-phase occupation, interglacial and early-glacial sites point to considerable climatological tolerance in earlier hominids.
We endorse Dennell's and Roe's pointing to the importance of the northernmost Lower Palaeolithic site in Britain, Pontnewydd Cave, but in contrast to Dennell we do not see any good evidence for cold occupation at this reworked site. The excavator himself suggests occupation under interglacial to cool-temperate conditions, possibly during oxygen-isotope stage 7 (Green 1984) . The Pontnewydd archaeological remains were preserved in the interior of a cave filled in from its entrance by debris flow and thus escaped the destructive power of stage 6 glaciation, which must have scoured out most of the traces of earlier settlement in that region (Green 1984] . The site is therefore a reminder of the importance of incorporating geological processes into our discussions of site distribution patterns. In this vein Wenban-Smith comes up with some alternative geological explanations for the apparent absence of Eemian traces of human occupation in Britain that we consider very useful. Any consideration of site distributions has to deal with the distorting effect of taphonomic processes if it is to avoid the simplistic and meaningless translation of distribution maps into earlier "settlement patterns." hi addition to the sites mentioned by commentators including Dennell, Otte, Roe, and Wymer (most of them, however, either not in primary context or yielding scant environmental evidence), another interglacial site has just been discovered at Schöningen, near Helmstedt in Germany, where Pleistocene deposits in a brown coal pit have been under geological study for a number of years (Urban, Thieme, and Eisner 1988, Urban et al. 1991) . Hartmut Thieme is leading a salvage dig of this site, discovered in deposits of a Middle Pleistocene "8% interglacial" (personal communication, 1992) .
We appreciate Svoboda's comments on the ecology of Palaeolithic settlement in Central Europe, and we look forward to a systematic analysis of the evidence from other important regions, such as the Russian Plain, already touched upon by Gamble. While we do not necessarily expect to see the same patterns everywhere in the northern latitudes, the evidence as we read it suggests that a wide range of environments was occupied by Middle Palaeolithic groups there as well. Last-interglacial sites are known from the Russian Plain (Praslov 1984; Hoffecker 1987, Hoffecker, Baryshnikov, and Potapova 1991; N. D. Praslov, personal communication, 1991) , and the recent discovery of sites near Perm, about 58°n orth, has moved the "archaic" occupation front there some 600 km northward (Praslov, personal communication, 1992!. It seems now that proponents of the view that the ecology of settlement in the Upper Palaeolithic differs radically from that of the earlier phases must clearly demonstrate rather than simply proclaim it. The importance of this question to issues including the colonization of Siberia and the New World is clear. At a very gross level, how are we to explain the lateness in the Pleistocene of the rapid expansion of humans over much of the earth now that the simple equation "modern humans = first ability to colonize difficult environments" does not seem to work?
We agree with Otte that it is difficult for workers to have a firm grasp of both the ideas offered by contemporary Anglo-American researchers and the archaeological evidence that, despite occasional lulls, is continuously accumulating in many languages in a myriad of journals and monographs. Although they can make for tedious reading, review articles of the kind offered here are essential to keep our debates from steering too far from that archaeological evidence.
Jacobs, Wenban-Smith, and others have seen through the laundry lists of plant and animal species of our review to recognize it as "more than simple reportage." Along with Dunnell, they touch upon a point we wanted to make when they call into question the very way in which we approach the past. We also thank Jacobs for his useful combination of Hammond's (1988! "shadow man paradigm" and Wobst's (1989! "cone of origination." We hope that our paper will help us to move away from seeing cultural evolution in terms of all-or-nothing dichotomies (Middle vs. Upper Palaeolithic, protocultural vs. cultural]. The prehistory of the human species is doubtless composed of a complex mixture of both gradual and punctuated changes, and what we have observed in one region of the world may or may not apply in others. If there are universally valid trends in human evolution, they must be demonstrated rather than assumed.
Finally, a note of clarification: We have not challenged Gamble's ecological approach to the Pleistocene of Europe but presented evidence that leads to a different outcome within this approach than Gamble's previous work. While we disagree with elements of the work of both Gamble and Whallon, we feel very much indebted to them; without their stimulating work on this difficult question we would not have been inspired to mull over the Palaeolithic archive to evaluate some of their points of view, and without their contributions palaeoanthropologists' discussions about these issues would all but stagnate.
